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PBEFACE. 


TiiE etiology of tli'iease is in a fair way to hecome n science. This 
is l)ccatise every disease must result from knownhle causes operating 
under natural laws that can l>e determined, I am so convinced of 
this that I have attempted in this l)ook to systemati/e what is known 
about the causes and origins of disease. Whatever virtues it may 
possess will he outweighed hy the revelation tliat so little is known 
and so wide a field remains open for investigation. 

The Iwok has arisen out of a necessity. Taevd witli the task of 
organizing a course in I*rc\entivc Medicine I found no single medi- 
cal work or any small numhor of them, that embraced all that I 
thought desirable for an inclusive review of the known causes of 
disease, where they originated, and what they did. ISly notes and 
material collected over many years constitute tlie basis for this work. 

It is becoming increasingly evident that tlie preventive point of 
view will not long hence dominate the approach to medical service. 
For this reason it is necessars to investigate tlie origins of disease 
mwe TlgoTOUsl> and strip them of the confusing pathology and 
manifestations that make it so difficult to see the simplicity of tlicir 
beginnings. 

In the attempt to formulate my study of etiology I became early 
indebted to the work of Eugene LjTnan Fisk, who classified all 
‘etiologic factors in his Categoric.'il List of tlie Causes of Disease and 
Ill-health. The present work is a clarification and enlargement of 
Fisk’s conception. 

The corollaiy to setting up a system of causation of disease is a 
S5’stematic approach toward influencing the operation of effective 
causes in the direction of health and away from disease. Sucli would 
be the Practice of Preventive Medicine. I have put the wliole 
philosophy of prevention in a single phrase, “To oppose or intercept 
a cause is to prevent or dissipate its effects.” It is the possibilit}’ 
of putting tlie principles of this law into immediate and practical 
effect wherever and whenever the effective causes of a disease have 

( 6 ) 



6 


PREFACE 


been revealed tliat jiistifica all efforts at prevention. A (lisgracefully 
small amount of jirescnt preventive knowlejlge lias been applied in 
practice. If tiie paf{os of this hook contain most of the current 
applications of preventive principles and even bint at a few that 
the future may hold, I will feel that the attempt has been justified. 

TJie best acknowlcilRmont I can make to those who has e assisted 
in the svork ia the use of tlieir material. In many instances this has 
been made explicit in the references but there arc otljers too mimer- 
ous to mention whose authority h.is In-cn callctl upon to s'alidate 
tlie statements made in these papes. 

I express my sincere thanks to Mrs. Sliirles Gape for typinp tlie 
manuscript and to Miss Stella Hayward for her vigilant osersight 
and direction of the manuscript ami proof in preparation for tlie 
press. To m.% w ife I am imlehted for constantly reminding me that 
people primarilj want to know how to keep well ami for her criticism 
of the manuscript. 

W. II. r. 

New Orlksns, 
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CAUSE AND PEBVENTION OF 
DISEASE. 


CHAPTER I. 

CAUSE AN'D EFFECT IN' HEALTH AND DISEASE. 

HEALTH. 

He-altii is a state of relative equilibrium of boily form .and func- 
tion which results from its successful dynamic adjustment to forces 
tending to disturb it. It is not a passive interplay between the 
body substance and forces impinging on it, but an active response 
of body forces working toward readjustment. It is a mechanism 
which deals with initiating forces or energies and by reafson of its 
parts is able to convert them into other useful forms. The parts 
through ivliich these forces operate and undergo conversion in the 
body are the cells and tissues. Although every living cell in the 
body retains the primarj' attributes of living material, a hierarchy 
has been developetl among them which has necessitated the sub- 
jugation of certain qualities in some and their exaltation in others; 
for example, cortical nerve cells have given up their power of repro- 
duction, and muscle fibers have supersede<l all others in their power 
of contractility. 

Because of this surrender of original rights by the cells and the 
division of labor which necessarily results in sucli an organization 
of dependent elements the integrate<l mechanisms of response have 
been evoU^d. 

The fundamental concept of phj'siologj’ is a responsiveness of 
the cells, tissues, organs and combined mechanisms to forces of 
varj'ing kinds and degrees. These forces may originate in the 
external environment and become translated into the energy activ- 
ities of groups of cells, or they may be energies exliibiting them- 
selves in one cell or tissue cell group which influence other struc- 
tures near or far removed from them. 

Response to these forces or energies are not haphazard bvit evi- 
dence a definite course and procedure in their activities; the impres- 
sion is gained that the parts concerned have been “educated” to 
certain lines of action. Purposeful is an unsafe word to use in 

( 21 ) 
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Intfrproting natural j)liciioinciia, but it conveys a certain meaiiinR 
when applicrl to the accurate and almost uncrrinp useful rpspoiii.es 
in liumnn pliysiolo^y; it raises the cominonplace and often sordid 
functions of tlie bo<ly to the plane of the mpfrnificant, much as do 
tlie words in Cannon's title, “The Wialom of the Body.” 

Tliere is manifested in each of these adjustment plienomena a 
tendency toward the preservation of a state of limited eqnilihrium, 
liut it is not tlie ripid, static eqnilihrium of a machine wliich in 
itself possesses no means of providinp for its prowth and develop- 
ment and Is incapable of self-repair. Without too strict conipari''on, 
it may he likencil lietter to a city orpiiniaition composed of hipher 
and lower fiinetions that can adjust themselves to meet demands 
that nripinate within the city or in external related communities. 

Physiolopie disturbance is liolh permissible and necessary in the 
liunian i“eonom\ . There h strotip evidence that the very forces 
wliieh »listuri) it have hi“cn n*sponsibIe for its evolution; that without 
the "nccsl” of readjustment ami adaptation, the present forms and 
functions of the body ina\ never have been evolvetl. 

So lonp ns the mechanisms involvc<l in physiolopie ecjuilibriiim 
are not prcs.sc<l lieyond their powers of restoration within their 
established limits, and so lonp as they retain tlieir ability to dissi- 
pate the enerpics of the factors operatinp upon them to their own 
lei els of toloroiicc, it may l»e s.iid that such apparent instability 
represents the normal. 

It IS impossible to define normal more strictly than this. It 
implies the admission of wide variability in structure and function 
and in the powers of adjustment witbin the body, A strict appli- 
cation of normality to the body ns a whole would rerjuire that the 
limits of tolerance of each of the functional units of which it Is 
composed must be known. Anatomic and physiolopie studies 
have re\ealeil certain levels of organization and function which 
have been found so rei)eatedly in apparently well-repulatecl bodies 
tiiat these states have been set as normal against which further 
ohsercations may he meiusured. But there is no physiolopist or 
anatomist bold enongh to state that these are more than the “appar- 
ently” normal. 

There are, however, so many of these apparently normal stand- 
ards, each tjualified with its apparently normal range of variability 
and each remaining within its limits of tolerance or safety, that 
tliat liody in which all of these flerible standards are satisfied has 
come to be regarded as a normal body. 

A normal, healtliy person may be defined, tlierefore, as one who 
can retain all of his organs and tissues m a state of efficient function 
and physical organization against those external and internal forces 
that are constantly tending to disturb him. 
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ABNORMALITY AND DISEASE. 

Under the average conditions of existence there are few occasions 
^\hen the balances of the body are tippetl to an extent dangerous to 
efficient functioning. There are many examples of the elasticity 
and a'djustability possessed by the tissues by virtue o^ which they 
can respond to stresses and strains beyond the commonplace. 
Voluntary and involuntary muscles alike can withstand heavy loads 
put upon them witljout serious consequences; forced starvation, if 
not too long continued, does not result disastrously; purgation, 
sweating and diuresis care for the elimination of to.xic substances. 

Common experience shows, without resort to scientific evidence, 
that tlie organism can suffer from temporar}' disorders. Ei’erj'one 
knows that there are times when he does not feel right; that he is 
aware that .somctliing about him is not working as well toda.v as it 
did yesterday. lie m.i> feel “bilious," or “liverish”; be irritable 
and jumpy; suffer from peculiar feelings in the stomach or have 
palpitations. brcatlilessnes.s, dizziness and many other common 
mild cwnplaints. In many eases there is nothing really wrong with 
him and these* feelings arc brought about by nothing more than 
temporary derangements of mechanisms. 

Tiiese apparent dUruptions in many cases are just within the 
borderland of nortnnl. Although chemical measurements can be 
applied to them and the microscoi)e may reveal temporary derange- 
ments of tissue elements, these changes are within the liraita of 
normal adaptation. 

It is difficult, therefore, to define the limits of the normal and to 
set up normal standards. It is known, however, that every function 
can be stressed heyond the limits of its acceptetl normal; W’hen this 
is so, the nlterecl function is called abnormal, and the evidence of 
it is pathology. In s() doing an arbitrary, indefinite line has been 
created between the two states, which is variably called the “border- 
line of diso.ase,’’ the "limit of safety," the “limit of tolerance" or 
the “normal limit,” each of which implies that the processes of 
change have been forced to some point which is intolerable or 
dangerous. 

It is upon the determination of this j>oint that the definition of 
disease must rest. The tenn disease implies a state manifestly 
farther from good liealth than simple ill-health. The man with a 
“disease" is looked upon as really sick and no longer just feeling 
badly and out of sorts; pathologj- is more than tolerable, functional 
change. Such difficulty of definition can hardly be overcome by 
the naive method of resorting to stilt further undefinable terms, 
and it must be admitted that disease cannot accurately be defined. 
Moreover, tlie modern conception of disease is as a process, not a 
static entity. The diseases listed in the nomenclatures are no more 
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rigid and fixed tlmn tJie processes descri’Iied witliin tlie ranges of 
tlie normal, and wliat arc caller! the classical pictures of disease arc 
complex processes having enough in common to iwrinit them to he 
labeled for convenience. 

Since health and disease are relative states, these terms should 
he iiH’d for convenicnc-e of description and not for scientific accuracy. 
It is desirahle, however, to find a workable definition of dise.ase; 
one which tonvej.s the incnniiig of what is so far understood and 
no more. Such a definition must involve the use of terms already 
defined in arriving at the normal. With tliis allowance disease 
may he said to he n state of nltcrcrl function or Form of a part, from 
which recovery is difficult or impossihle, and whicli for restoration 
to physiologic equilihrium involves iwoccsses or functions which 
do not ordinarily participate in the physiologic meclianisms respon- 
sible for the balancc.s of tlie parts iiivoh'cd. Pathology is the 
material evidence* of this change. 

CAUSE AND EFFECT IN HEALTH AND DISEASE. 

Tlie picture hchin<l every observable state of health or disease 
is one of thnnge. There Is a constant flnx in the makeup and activ- 
ity of all cells and tissues so tliat at no two moments are thearrange- 
menlB ami lieimvior of parts the same. This change, begun before 
the union of the parent cells of the organism, continues not only 
throughout its life, but bejond itsdeatlv and disintegration. The 
span of life is thus a continuous flow of energies through a body 
made up of materials taken from its environment. It creates noth- 
ing new within itself but constantly presents its elemental sub- 
stances In new and complex combinations, breaks them up and 
returns them to tlieir source. And while the body grows and 
carries on its processes of building up aiwl tearing down it is being 
further buffeted by its environment which it cannot escape. It 
never siicccecls in becoming isolated but remains forever a part 
of its surroundings. The body may lie looked upon as n resultant 
of forces, e^ery force theoretically measurable and the patterns of 
their interactions predictable. 

Xotwitlistandiiig the imrneiisitj* of the problem of knowing all 
about man, the fact remains that his processes are built-up mech- 
anisms, the beginnings of which are simple actions and reactions 
between elemental principles, and whose end states are still mani- 
festations of primitive reactions capable of analysis but compli- 
cated almost be^’ond recognhion. Everj' cell, tissue and organ, 
everj operation within and between its parts, every balanced mech- 
anism, everj* constructive and destrucUve process in the body is a 
result of a preceding cause or causra. The chain of cause and effect 
is tied up with the universal at birth nod death, and the body of 
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man is a falsely isolated interference pattern in this concourse of 
energies. 

Since effective causation can be rea>gnized behind all things in 
the physical world, so it must be back of every physiologic and 
pathologic change. To understand physical form and development 
an attempt must be made to understand why an organism is of 
such size and build and color; to interpret physiologj’, adjustments 
and behavior, the plans and patterns should be known on which they 
have been built and how they have been called into existence; for 
the proper interpretation of disease it is essential to have knowledge 
of tlie causes of tliese abnormal states. 

Scientific medicine has long been probing the secrets of the 
human body for facts as to the structure and functions of its parts. 
Out of this study has come a wealth of material, but notwithstanding 
the phenomenal amount which has been accumulaterl within the 
past few decades it is apparent that but a small part of it has been 
put to work. Both the science and the art of medicine stand in 
great need of finding increased application for this accumulated 
knowledge. 

It is suggested here that a hint as to Its use can be found in con- 
templation of the fact that man is just as much a process as a 
particle. This means that it will be necessary to think more in 
terms of change and less in pictures of fi.ved states; to forget that 
measures are constant, and relationships consistent; to interrogate 
every fact as to wliy it is so, what brought it about, what changed 
it; to delve more deeply into the mysterie.s of the wliy of things and 
begin to think in terms of Cause. It is in just those instances in 
which this has already been done that the greatest practical progress 
in medicine has been accomplished: such, for example, as the bene- 
fits which have resulted from the application of the discovery that 
malaria is not due to a miasma but a specific protozoon carrietl by 
a mosquito to which it has become adapted; that locomotor ata.xia 
is the result of infection with a spirochete and that this organism is 
susceptible to arsenic; that miners’ anemia is due to the hookworm; 
that beri-beri, rickets and scurvy are nutritional defect diseases. 
It is only necessary to contrast the results in tliese conditions to 
the hopelessness that is felt toward the mounting number of deaths 
from diseases of the heart, arteriosclerosis, cancer and diabetes. 
A vast amount of information is at hand concerning this latter 
list and buried in it there must lie much that is available for imme- 
diate application. Had Jenner waited for the discovery of the 
virus of smallpox before applying his principle of protective vac- 
cination the world would still be visited by its plagues; if, after 
Hansen discovere<l the leprosy bacillus, nothing had been done to 
control the disease until it was found out how the organisms passed 
from person to person many hospitals might still justifiably be called 
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ln7.!\Tt'ttcs. Not nil is knmvw MMmltlievitainiiisjnoristlitTcc-oiii- 
plftc inforniatioa as to tlip true nature of tlic cause of yellow fe\cr, 
au<l yet yellow fewer «i»l tlio avitaminoses tan largely !)e controlleil. 

THE HATURAt HISTORY OF DISEASE. 

f’ertaiu n«p<’('ts of the causes of most human diseases arc already 
known, What is not knimn iiltout them is their complete cycle of 
dovclopnient. 

Conshleml ns a process, the development of each disease rniHt 
he tmcisl from tin; first forces a liichacterl to hrinj; it alioiit, throiigli 
tlie resulting alfenitionsi in form and function involved, to its ter- 
mination hy return of the pit>rcsses to normal or their final tlis- 
integrution. Such a survey of any disease process noiild constitute 
tite studs of its Natural History. 

’Iliere is no more reason to deny a Natural History to disease 
than to the development of the sedimentary rocks or the life cycle 
of the inoscjuito. Kacli involves natural pn)cv.sses; each can Iw 
resohe<l to itvS simplest terms; through each can he traced tlie ton* 
tiniious chain of cause nud elTcet. Evoti the departure from the 
average course' of c\cuts in the jmthogencsis of a disease can ho 
interprotcil as due t<» fatliinj which have been interposed unex- 
pectedl.N at some stage of the procfss. 

Thus tlie s ftflahk' pictures of MHcalksl disease entities are V>rr>ught 
nlioiit. All caiHvrs of the same type arc not alike and every phy- 
sieiun is aware that each case of typlcowl fever varies vomcwlint 
from tlie typical description of this disease. 

The patterns which result from similar causes cannot be the same 
unless e\c*r\ conditioning circumstance is tlie same, and every force 
which is operating is of the Mine c(uality and intensity and aets 
iiixm material ecpially .stiscrptihle to it. Sucli c'oinci'dence prohahly 
never occurs. What are eallcHl classical diseases are designated as 
such only hecausc the main points of their symptomatology and 
pli\sic.ai findings cxirrcspond to a classical description of a case 
adopted ns a ty pc. All kinds of c-ontingencies may arise to abort 
a disease and shorten its c-oiirse, to favor it and produce a fiilmiriat- 
ing type, to udil comijlicalions to it, or to c-ause some of its most 
cardinal points to be absent. Variability is tlie rule when disease 
entities are closely scrutiiim'd, and wlwn tlie reason is searched 
for it is found to he the interaction of Mtriahle factors. 

The typhoid bacillus prcxluces typhoid infection, hut every infccj 
tion with tins organism Is not typhoid fever. It Is also true that 
typhoid fever or typhoid bacillus infection cannot occur without 
tile typhoid bacillus. Individual and environmental factors of 
hotii bacterial organism and human host arc the determiners of 
the final results wliicli will ensue when the.v are brought together. 
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TJie ingestion of inercurj,- ma\- protluce irrcp.irabie (Ja/na/^e to tlie 
kidneys but not ncc-essarily so. Other tissues inaj suffer much more 
tlian those of the kidneys when mcrcurj* is taken in different dosage 
and under other circumstances. Sloreover, mercury need not be 
ingested, but may gain entrance to the body by way of the skin or 
respiratory tract; it may be taken accidentally or on purpose. 

It is because of these obviously simple facts that the causes of 
disease have customarily been divide<i into primary and sc(X)n<!ary 
causes and that the latter have been further differentiatcHl into 
contributing, accessory and preilisposing causes. 

In the specific infectious diseases greate.st stress is laid on the 
specific organism as the primary 0*31150, and in scurvy the lack of 
vitamin C occupies the same important position. Ilut to consider 
primary as invariably meaning most important is to acknowledge 
only one aspect of the etiology of disease. The fact must not be 
lost sight of that in many disease conditions the secondar\ , contrib- 
uting causes may be just as important as tlic primary cause on the 
basis that they are just as essential in (he whole chain of circum- 
stances that eventuate in diseoNC. 

Wicn the Natural History of a illseasc ])rocess is analyzed and 
the primary and secondary causes are rt'vcalwl, it is often found 
that the final result is due not h> much to the aotii’lt.i of tlie primary 
cause as to tlie intervention of the others, that in all probability 
the primary cause could not have had any effect without the inter- 
position of the secondary causes. The typhoid bacillus can do no 
harm outside of the human body, butgisen the circumstances that 
permit contamination of a milk or water supply it may cause the 
disease to develop in a consumer. Milk and water become infected 
for very definite reasons and it is thcie which contribute most 
toward the development of typhoid. 

Tlie causes of disease must be pictiircil as operating before the 
disease makes its appearance in the subject and thej may be work- 
ing far away from their ultimate victim. Furthermore, all of the 
causes do not have to act directly on the individual who bec-omes 
aft'ectefl, as there are often multiple factors that insert themselves 
between the earlier operating factors and those that directly initiate 
the pathogenesis. 

Objection will be raised that tlierc can be no disease until the subject 
of it has become affected. If the whole conception of a disease is 
to be limited to the stage of pathogenesis this is entirely valid, but 
the Natural History of a disease expands its etiology far into the 
ancestry of the diseased subject, or across the town from where 
he lives, or into his environment at W'ork, at home or at play. 
The altered physiology and anatomy, the symptoms, signs and 
pathology, are only the final effects in the far-rcaching, complete 
story of wliy and how the disease was brought about. This is well 



28 CAUSE AND EFFECT IN HEALTH AND DISEASE 


sliown in the history of inntaria: the innlaria parasite is the primary 
specific cavise of the <Hseasc, awl inainrin shoa's a chanxcteristie 
symptomatology and patholopj* when it conforms to type. Hut a 
meager knowledge of tijc Natural History of malaria would result 
by limiting the study of the disease to the subject of it. Actually 
the most important causes of malaria and its prevalence reside 
neither in the parasite iior the host, althougli each is essential to 
it; they arc outsitle of and beyond the case of malaria in all of the 
climatic conditions of the environment, the drainage of the soil, 
the types of-vegetatlon, the natural enemies of tlic mosquito and 
its hreeding place, the habitation of the host and the ciTcctivenc.-'S 
of protective devices he has raised against the mosquito. 

hlany attempts have Ijccn made to rejircsent gr.ai)liically tlio 
cycle of development of certain diseases and disease processes, 
picturing thorn ns chains of development with side-factors intro- 
ducer! here and there to account for certain events. These ate at 
least good cros-s-sections of certain phases of tlie disease cycles and 
as such arc valuable contributions to tJie study of their Natural 
History. In some, the primary initiating cause manifests itself con- 
tinuously throughout the cycle and so assumes a highly important 
position. In others the initiating force is dispelled almost imme- 
diately and its cITocts become in turn further causes and linlcs in 
the chain, rnexpocted side clfccts are to be found in every case 
and the course of tlio disease processes can lianliy ever be said to 
run smoothly. This is so true that the general plan of any disease 
is a branching sidc-chatii structure. 

Throughout this argument the principle of n continuous chain 
of cause and effect has been maiiitniiioil as necessary in the explana- 
tion of healtli and disease; it has Iwn held tliat tlie causes are fam- 
iliar, well-known forces in the physical world, and tJiat the first 
effects are simple biophy.sicai and biochemical responses to tliem. 
Because of this it should ultimately he possible to analyze the 
known facts about each disease and from this analysis to recon- 
struct its Natural History. 

The gaps in this synthesis will necessarily be great in many 
instances, but in some most of the entire picture will eventually 
be drawn. Whether or not the course of development of any 
malady or disease can be outlined In its entirety, it is Jiighly probable 
tlint some one or more nilnerable points of its liistory will bo 
re\ eaU’ii at which it can be attackeil and prevented. 
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THE CATEGORICAL CAUSES OF DISEASE AND 
PRINCIPLES OF PREVENTION. 

TiiK principle of cause ami effect permits the corollary, “to 
oppose or intercept a cause is to prevent or dissipate its effects.” 

As well known as this may be it is the most neglected of all appli- 
cations in the practice of medicine, and tlic reason for its neglect 
seems to lie in the failure to think in terms of cause and to assume 
too rcadilj- that limitation of knowIe<lge makes it impossible or too 
difficult to try. 

On purely logical grounds, nothing nee<l be inevitable and it can 
be argued that there is no reason wjjy any disease condition must 
develop; that when it does it is in response to a cimin of events 
W’hicli directs its course only in the direction necessitated by the 
giTcn causes. An\ slight alteration in the force or frequency of a 
causatise factor or the addition or removal of factors may produce 
far different results. It would seem only necessary, therefore, to 
reveal those places in the Natural History of a disease at which 
effective measures w ill block its progress. 

All possibilities in the prevention of disease rest on this principle. 

A survey of the progress In Preventive Medicine reveals that by 
far the greatest gain has been made against those conditions brought 
about by infective agents and nutritional deficiencies. In almost 
every instance where the specific bacterium has been isolated and 
its natural history made known, preventive possibilities have been 
opened up and practical measures against it have been initiated. 
The disclosure of the role of \ itamins and mineral constituents of 
food has made it possible to prevent the diseases depending on the 
lack of these substances. 

But it. is obvious that these two classes of agents cannot be the 
only factors involved in the development of morbid processes. The 
human environment is much more complex than food principles 
and bacterial and protozoan enemies. It is apparently because 
these hav’e been so readily susceptible of analysis and laboratory 
examination that they have received the favored attention of the 
medical sciences. The scientific investigator has shrunk persistently 
from the challenge to evaluate the effects of climate; to all but a 
few, psychic influences have been so vague and non-analyzable 
that they are scarcely considered open to investigation, but those 

( 29 ) 
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wlio bo igsvirc ixs effettivc causeb thtnr rcrs^ilth to tlio 

vcrfic of cluirlataiiry; tlie fmnsinh'sioii of hereditary clianietcrlstics 
H too well estnblij>hc<l to p<Tinit niiy lon^jer its relepation to the 
interests of eUKcnies ninl jtcnclics nlone; .safety-first measures 
apainst tr.ummtism have eiUipiit the ec<itM»mic eye of iiHlustrial 
inedieine, hut the practitioner .seldom considers the jaissihility that 
statu- forces oi)eratiiip within the iKnlies of Ins patients produce a 
trauina far more lastiiip and detrimental to health mid efilcicncy 
than n brtiiscd thumb. 

ENVIRONMENTAL FACTORS IN DISEASE. 

^'ie\\cd in its entirety the einironmcnt is seen to contain most 
if not all of the intiatinp factors of discjusc. This statement must 
be qu.n!ifiiMl beemisc it is still iiniHissible to state with certainty 
that there arc not causes which apiH-ar to arise within the body 
itself, blit whose antecedents are jjo remote ns to be beyond prac- 
tical wnsidcration; such, for example, as the ttncxplained failure 
of tissues to reaeli their full biologic level. 

It is onl\ wlien disease is Iookc<l at t<K> narrow j,v that the error 
is made of ascribing its eauscs to happenings within tlic diseased 
organism. The clearer but more difficult picture is obtained by 
pursuing events until the external environment is renclieil and the 
primitive simple factors are revealed. 

The analysis of environment must ultimately be the key to the 
knowledge of the origins of disease. The cell, tissue and organ reac- 
tions within tile body may be studksi, but the original causes of 
disorder must be sought for outside the organism. 

CLASSmCATION OF EnOLOCIC FACTORS. 

l-’roni the dcMre for a etmiplcte understanding of the Natural 
Ilistorv of disc.isc the ntx-d arises for a sv-stcmatic survey of etio- 
logic factfjrs. The more recent te-xt-books on general and preventive 
medicine mirror tliis need by arranging tlieir material under Iieadings 
according to their etiology, ami the new Standnnl Nomenclature of 
Discsvse, makes etiologic classifi«itiQii obligatory. These uses of 
etiology are for immediate application and must necessaril.v allow 
for gaps in knowledge; the text-books, by retaining section titles 
such as Diseases of Unknown Cause or Unck-issified Diseases, and 
the Nomenclature bj allowing sulwlivisioiis under which doubtful 
c.auses and inethanisras may lie retained. 

In setting up an etiologic dassification on which the principles 
of prevention may be Imsctl thera is no obligation to allow for any 
doubthil factors unless they are such as to be still unknown in the 
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physical world. This is because all forces capable of producing 
disease ca?i be categorized. It is possible to erect a schema of classi- 
fication of causes which shall be inclusive enough, within its cate- 
gories, to embrace every known cause. 

I’isk* simplified the classification of the causes of disease by includ- 
ing them under ten categories: IIerc<lity, Infection, Poisons, I'oo<l 
Deficiency or Excess, Air Deficiencies or Defects, Hormone Defi- 
ciency or Excess, Physical Trauma or Strain, Plusical Apathy or 
Disuse, Psychic Trauma or Strain, Psychic Apathy or Disuse. In 
this list Eisk has satisfactorily embraced all existent and predict- 
able causes, but in doing so has resiirtetl to alternatives of action in 
some categories and permittc<l overlapping between others. As 
examples of the latter the inclusion of all of the factors of “Air 
Deficiencies or Defects” uncler one categorj’ has separated the 
physical aspects of air from the physical factors covered in another 
e.itegor\ ; fo(xl deficiency or exwss may be taken to mean anything 
from the lack of vitamins to faulty habits of eating. It is not argutnl 
that either of these e.xtrcmes is not a c-ausc of disease or ill-health, 
but it is not permissible to place a fundamental cause like a \ itainin 
deficiency on the same basis as a proc-oss &ucb as the metlnxl of 
taking food. The latter may be discusse<l under food defieieney , 
but it is not a primary categorical factor. 

Objection may be raiso<l against the causality of the “Hormone 
Deficiency or Excess’” category on the gnmnd that tlie internal secre- 
tions do not of themselves initiate changes but o\er- or under- 
function as a result of some antcce<lent factors. .Although little is 
known of the reasons for their inalfimctton, there seems no reason 
why they should be prcxlicatcd an autonomy which is denial other 
tissues or organs. \YIien a hormone does fail tlie cause w ill be found 
in one or more of the other categories. 

Disuse may ix;rmit an abnormal state to be brought about, but 
it is not the prime mover of the process; it is not OJily the absence 
of Use but is evidence that customary activators are wanting or 
that inhibitory factors ha\e been introduced. Broadly, disuse may 
be looked upon as an opportunity for other factors to operate, but 
this is not within the limitations of a bask* Ciitegory and the term 
should be dropped. Apathy is entirely too inadequate and vague 
in either its physical or psycliic connotations to be useil as an 
explanation of any result, and may be objected to under the same 
argument that was brought against disuse. 

The following Categories of the Causes of Disease have been 
selected as more nearly satisfying the demand that each category 
shall contain all factors that operate in the manner indicated by 

• Fisk, Eugene Lytnan. Ann. -Vm. Acad. Political and Social Sci., Philadelphia, 
%ol. 145, Pub. No. 2323, H)29. 
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the titles of tlieir respective catep>rii‘s and at tlie muiic time exclude 
all factors in other tatogories: 

Category I. Inhcrhctl Factor.. 

Category II. Defects of Nutritive I'ilemcnts. 

Category III. I-ixogcimus Chemical .Agents. 

Category I‘h\sienl Fortt". and Energies. 

Cntegorj Vital Activity of Invading Organisms. 

Category VI. I’sychohiologic and Uio-social Influences. 

The terms uses! In the titles of these c.ategorics reveal that they 
arc .selected on tlic Imis of their modes of action. Tims each one 
acts in a dificrciit manner than all the others, presided the point 
is not stressed that all dci>end eventually on ultramoiccular forces. 
The manner in which clieinic;iis net on the physiologic mechanisms 
is difTcrent from the way in which inheritance factors are trans- 
mitted. and quite imltke the action of stimuli arising within the 
hio-social factors; food elements, although chemical in nature, are 
only tliosc substances which oan liccome tiscful metabolites, and 
their selection as a category depends on their utility and not on 
their chemical action 

The categories therefore embrace the primary ctiologic factors in 
disease; tliey contain the starting points from which oil subsequent 
effeets and mechanisms arise. Without tliese factors there would 
be no disease for the consequences of their activities would not 
follow, and it Is thc-e very phenomena whicli constitute the develop- 
mental processes of disease. To follow any influence from its 
origin in one of the categories through all of its effects outside of 
and upon the body, Is to trace tlic Natural History of the disease 
conditions which result. 

An important factor to be considered in the operation of a cate- 
gorical cause is the directness of its action. This may be simple 
and direct or ctimplicatcd and remote. It may act immediately 
on a body function without the intervention of any other effect, or 
it ma\ start a long chain of events which are circuitous and indirect 
until finally , through some terminal ewnt it exerts its influence on 
the bo(l\ . Simple traumatism exemplifies direct action of a physical 
force and the circuitous Jiistorj' of some of the animal parasites as 
tliey become invoheci in many secondary processes represents 
indirect action on the part of an invading living parasite. 

Most of the predisposing or secondary causes of disease are found 
within these cliains of circumstances and they are noticeably lacking 
in the titles of tlie categories for the reason that they are not initiat- 
ing causes They .ire not primarj' effectiv'c causes sis the term is 
commonly applied; they are mechanisms or operations or circum- 
stances under which the effective causes act. Thus, occupation is 
not a cause for it is only a circumstance under which the cause and 
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its effects occur and it may be broken up into many categorical 
factors. Race and sex, although generally referred to as predis- 
posing causes, are the results of the transmission of inheritance 
factors. In the same way climate is a complex inclusive term 
which embraces many kinds of physical force and energy. 

Nevertheless, tlie secondary causes arc highly important concepts, 
for they show how and wliere groups of events and circumsbinces 
occur and thus bracket off quasi-isolated sections of natural his- 
tories. They give important clues which in many instances have 
revealed the outstanding links in the chain of circumstances. 

THE CHAIN OF EVENTS IN HEALTH AND DISEASE. 

On the principles outlinetl it can be seen that the prime movers 
(categorical causes, initiating forces) are relatively few in number 
compared to the multiplicity of their effects. WTien one of them 
comes into action, its force is exerte<l on other agents and factors 
which react to it. This may be exemplified in the way the cue ball 
in pocket billiards breaks up the triangle of balls and disperses 
them in all directions although the cue ball itself may strike no 
other ball except the one at the apex of the triangle. ^^^Jat happens 
to the other balls depends entirely on the way in which they were 
set up and the angle of incidence and force with which the cue hall 
set them in motion. The final result shown in the way all the balls 
eventually come to rest, is theoretically perfectly predictable. And 
so, provided the set-up could be known of all the factors con- 
cerned in the origin and development of a disease, its course could 
be predicted to a certainty. But intervening influences, not a part 
of the original set-up, may come in to disorganize tire entire oper- 
ation just as an onlooker might reach out his hand and deflect any 
ball while it is in motion on the table. In actual experience, there- 
fore, it is seen that a single initiating cause may, under variable 
circumstances, produce an almost infinite number of possible effects, 
and it is for this reason that there occurs such great individuality 
as is found in disease pictures, multiplicity of symptoms, variable 
pathology, awl uncertainty of prognosis. 

PRINCIPLES OF PREVENTION. 

Acting on the assumption that obstruction or interference with 
a cause will alter its effects, it is possible to apply this principle in 
the prevention of disease by deliberate efforts toward aft’ecting tlie 
circumstances that determine the course of events. TIius, if con- 
tamination of a water supply is the occasion by which pathogenic 
organisms enter into a community, purification of the water will 
prevent those diseases due to particular causative agents in the 
water. In this instance a single effort has created a barrier against 
3 
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many possible ^Ynte^-homc apents aj«l prc^•ent(■<l tlic cliseuscs wliicb 
they might othenvi'se have produenL Such broad measures as 
these are termed blanket measures. Food and drugs acts, quaran- 
tine regulations, sewage disposal and personal hygiene arc pro- 
cedures of the same nature. 

Reverting to the c-xamplc of the game of pocket hilimnls it is to be 
noted that the effect of the cue ball can be altered by disarranging tlie 
alignment of the balls in the triangle. If a corner ball is separated 
from its fellows by even a fraction of an inch the distribution of the 
forces in the organization of balls will not now be the same na before 
when tlie cue ball sets them in motion. Since the result in this 
instance is largely Hmitwl to the cbangnl cfToct on the corner ball 
alone, the interference has l>ccn an individual effort api)licd onb’ to 
that particular ball, rreventivc merlicine applies this principle in 
its in<llvidual measures dirrctc<l toward the prevention of disease 
in the units of an organization. Quinine prophyIa\is agauist 
malaria and specific immunizations act by permitting the agent to 
approach the organism, but preventing its effects on n particular 
function of the orguniz.'iflon by altering the set-up in that function. 
Such measures arc called specific measures. 

From the foregoing possibilities It is evident that what is now 
needed for the furtherance of the prevention of disease is a more 
complete knowledge of the Natural History of disease. Although 
a complete outline of the history of any disease is not essential, it 
is desirable because it opens up more proI>ah)e points at winch the 
causative factors or the circumstances under winch they are found, 
can be attackc<l. 

Expetliency has dcterimtiwl many of the past preventive elforts 
and will continue to do so for a long time to come. In the mean- 
time there can be little excuse for continuing with the present hap- 
hazard measures, c.specially in those diseases due to eategories other 
than infertise agents and nutritional defects. The hea\y toll of 
the so-called degenerative diseases or those which appear concomi- 
tantly with advancing age is n direct challenge to find out more of 
their historic development, to realign knowlinlge of their progrt*s.sioii 
into as complete a story as possible, and to look broadly at the 
revelations that this may show. 

This calls for a change of attitude towanl disease. It means 
that the old static idea of disease must be cast side and that disease 
must be looked upon as a constantly changing chain of events, not 
inevitable, and controllable by consdous effort against it. 

The success of prevention lies, therefore, in a complete under- 
standing of the nature of the causathe factors in each category and 
an analysis of their modes of action and results. 
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CATEGORY I: INIIERFrED FACTORS. 

THE MECHANISMS OF INHERITANCE. 

The liumnn being is conceivex! favored w ith the assetb and bur- 
dened with the JiabiJitfes of its ancestors. In this statement of 
inheritance is found all the hope of human betterment and the 
despair before the tenacious drag of race faults; for man is born of 
the continuous stream of germ phasm which has carried his inborn 
traits through the generations, unafrecteti, so far as is known, by 
the manner of living of his forebears. All of his potentialities, and 
every direction of his development, are pn.‘sent in that one-celled 
organism, the result of the joining of two others, each of which has 
brought to the union the traits and characters of its own ancestral 
cells. 

The individual stands at a cross-roads, a receiving and dispatch 
agent of heretllty. From the incoming lanes he receives all of the 
goods forwarded him by other agents of his line and after due delay, 
transmits them onward and unchanged to his progeny. 

The original package which he receives Is microscopically minute, 
its contents as multitudinous as the sum of every character of his 
hair and eyes and body tjTpe, and all tissue and organic elements 
of which he is composed. Retaining the simile, the contents arc 
the inheritance factors, the forwarding pro'cess is heredity; what is 
known of the structure of the one and the mechanism of the other 
is at present a good scientific guess. 

Categorically, the inheritance factors are primary causes; the 
individual had nothing whatever to do with them either in their 
particulars or in the aggreg-ate. Xor was lie e\en an individual 
until the organization of the factors and the vehicle which carried 
them had been completed. Before him, his traits were existent but 
dispersed through his ancestors, after him they w’ill again he sepa- 
rated according to the number and behavior of his children. But 
from the moment that the ovum and spermatozoon which produced 
him have united and gone through the first processes of fertilization 
and consummated the final arrangements of cytoplasm and nuclear 
elements in keeping with his species, he is himself. 

From this starting point, the individual is on his own responsi- 
bility, free to do with his Inheritance as he pleases, but restricted 
to the use of tliose inheritance factors handed dow n to him. 

( 35 ) 
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It is no longer supposed that inheritance factors arc tlie gemmules 
l)ostiilat<“d liy Darwin as real entities or microscopic imagos from 
which future characters emerge hut arc "(ieterminers'' or, genes; 
molecular upgregate'i that liuld potentialities for determining the 
structure nml organization of materials huilt under their directing 
influence. 

The genes are influences, or determining factors, T\hieh act by 
virtue of their potentialities, ns prime movers in ontogeny. Their 
sum dctermuic.H the indtehlual and if one of them he absent or 
unotlicr adflfsl the developing organism will not he the same. It is 
from this, and the fact that the genes are dispcrsc<l tlirough a diver- 
gent ancestry and brought together in an infinite number of com- 
binations tlirough bisexuality, that the hiimnii race escapes the 
mouotonoub similarity of the aimrba. 

The meclianiMus by whirh the inheritance factors arc transmifte J 
to and ct)n\ ergtsl in the individual, and the processes and operations 
111 which they arc involveil arc so important to a clear understanding 
of their influence in disease (hat they must he rcviewwl briefly. 

CHROMOSOMES AND GENES. 

The germ cell is a complex organization of many readily demon- 
strnhle structures some of which have lieen shown to be directly 
concornnl in the process of preserving the continuity of germ plasm 
through siicc-essivc gonenitions while others are more involved In 
wllular development. Although It cannot he said with certainty 
that the tlividing line lietwi-on these structures and their functions 
is as sharp and fast ns it has been depietofj, there is little doubt 
that some of them in certain phases of tliclr activity are definitely 
invoKcd in the mcchnuiMns of hcrciUty. Outstanding among them 
arc the chromosomes, visible short-looped or comma-shaped bodies 
appearing in the mieletis most clearly during the processes of cell 
division. Their number varies with different species of cells so far 
studied but is constant for each species—thus the human genn-celi 
contains 48 cliromosomes arranged In 24 pairs. 

Because of their consistent behavior in all observations on re- 
producing cells and on accmint of the close parallelism between their 
known activities and the results obtained in experimental genetics, 
the chromosomes have come to be accepted as the structural basis 
of inheritance. 

^Vith the improved feehiiies of cy'tologj', the chromosomes have 
been found to possess an internal structure of even further funda- 
mental importance to IiereiHty, that is, the chromosomes contain 
aggregates of particulate tiodics, called genes, which are the physical 
units of inherited characters. TTic genes are arranged in definite 
patterns witliin the chromosomes and because they carry with them 



CIinOMOSOMES AND GENES 


37 


in that form the entire inheritance of the race to the individual their 
alignment is called the "genotj'pe pattern.” It is apparentlj* the 
pattern which determines the individual and not simply the quali- 
tative and quantitative characteristics of the genes. An interesting 
comparison has been made between the arrangement and inter- 
action of the genes and the relationships between the elements in 
the higher chemical compounds. Carbon, hydrogen, nitrogen and 
oxygen can be combined in almost innumerable patterns to produce 
a wide variety of complex organic compounds, a result not only of 
the number of elements combined but the way in which they come 
together. The genes with their even greater number have combined 
to form as many patterns as there have been human individuals on 
the earth for, with the exception of identical twins, no two patterns 
are alike. 

It is not to be supposed that there is a gene for every character 
any more than that a gene is a character in miniature for some of 
the simplest characters are detonnmc<I by tlie interaction of many 
genes. The e.xact nature of this interaction is not known but indi- 
cations point to molecular rearrangements and affinities. 

In the reduction di\-ision of the germ cells involved in biparental 
reproduction, the chromsomes are re<luced by oue-lmlf ; in the ovum 
one-half is retaine<l and the other half is lost in the formation of the 
polar bodies; in the sperm, each half is distributed in new spermato- 
zoa. ^^’hen fertilization occurs the remaining half portion of the 
chromosomes in the female ovum unites with the half portion of the 
male spermatozoon and the resulting zygote has thus restored it in 
the full complement of chromosomes for the species. Since the 
chromosomes of the ruateriial ami pulernnl cells contain genes ns 
different in their patterns as their own ancestry necessitates, it can 
be seen how this meclianism not only preserves a continuous line 
of chromosome-gene material but permits a reshuffling of the pat- 
tern with each individual formed. 

Tlius there is found in the reduction division and maturation 
of the ovum and the sperm, in the process of fertilization, and in the 
subsequent division of the zygote, which ultimately ends in the 
formation of new germ cells, a continuous rni.ving and segregation 
of the elements of both parents. It is believed that the integritj’ 
of the parental genes is never lost even in the conjugation of the 
chromosomes and this is partially confirmed by recorded instances 
in which the maternal and paternal chromosomes have been \-isibly 
differentiated throughout the process. 

Mendelian inheritance, wliich in all probability is the only form 
of inheritance in man, depends therefore on the physical independ- 
ence but functional interdependence of genes- Every cell contains 
an equal number of genes derived from each of its parents and these 
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gonos, remaining cliscrcte aixi indepeiiilfiit in form, interact with 
and influence eacli other to bring about the germinal organization 
of the iinliviiliial. 

MATURATION DIVISION. 

The total anioiint of ehromosotiie materia! h m-iintained constant 
in matured gerntinal tfll-? by the procejis of rc<luction division in 
wliich tiu* ehroniosonu's arc itiimericnily halved I»y equatorial divis- 
ion; tlic quantitative eqtwiity of biparental germinal material in 
the germ cflls Is assured by longitudinal ^pI^tti^gof the ehromosoines. 
The former process, itr first iimturation division, may be pittiircd 
by visualizing a set of small thn*ad-nke bodies arranges! jnore or less 
in a circle within the mjclcus of a cell which, ns they are watched, 
blowly {sime into motion, aiul dividing, form small U-sliapcd loops 
one-half of w Inch go to one pole of the cell and ont^-hnlf to the other. 
The cell then divides hetween these two groups leaving an equal 
number of ehroinosomes in c.ieh new cell. In the .second maturation 
•livision whicii follows soon after the first, the thrcnd-Vike bodies 
arc .similarlj arranged but each chromosome now splits lengthwise 
into tuo. This .sjilit is not along an accidental line but a persistent 
line of cleavage hctwecti the maternal ami p.aternal cliromosoine 
material of which the chromosome was originally composed. After 
thia split, onc-hidf of the thn*nd goes to one }>oIe of the cell and the 
other half to the opposite |H)le and the cell then ilivldes hetween 
them, thus givitig each new ceU half maternal anti halt paternal 
material. Tlie genes within the thromnsomes must necessarily 
share in tliis division. Later, when synapsis or conjugation of the 
chrotnosoines occurs after fertilization of the ovum, the maternal 
and paternal elements wliich are similar in size, shape and function, 
in the two germ cells unite with each other to form homologous 
pairs. Because the genes contnine<l in the chromosomes are in- 
volvwl in the process and liecause their tlistrihution in character 
and quantity was equal, and like gnmps conjiigatwl with like, the 
genot.v pe pattern is maintained. 

DOMINANCE AND RECESSIVENESS. 

Tlie existence of familial and racial traits and characteristics is 
evidence that these are carried tlirough the mechanisms of inheri- 
tance Init it also reveals an nppareitt ineonsisitency of transmission 
for nil children do not show all characteristics of their parents and 
all members of a rare .are not equally endowed with tJie cliaracters 
of the race. That this inconsistency is more apparent than real 
lias been proven by studies in experimental an<l statistical genetics 
and is explained by the theory that some liereditable character.s are 
dominant o\er others and that hybridization or mixture of race 
types brings together dominant and recessive characters in variable 
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mixed patterns. Recessive characters are not lost but are tem- 
porarily submerged and may reveal themselves when segregation 
permits tliem to appear in new combinations in which the dominant 
character is absent. It must be remembered that the appearance 
of a recessive character may not necessarily indicate the absence 
of a dominant character (presence-absence theory) but the recessive 
unit may itself be a positive (juality. There thus appears to be a 
form of antagonism between dominant and recessive characters. 
Unit characters occur in pairs called allelomorphs which can be 
segregatetl in the offspring. \Mien the allelomorphic pairs in a ger- 
minal cell are made up of similar units in respect to a given char- 
acter the cell is called homozygous; when they are opposites, the 
cell is heterozygous. 

^\^^en an individual pitnluces germ cells the paired characters 
separate so that each germ cell contains only one of two contrasting 
characters. This occurs even though the germ cells were produced 
by a hybrid in which the characters were mixed. This is the “purity” 
of the germ plasm and is de|K*ndent on the principle of the segrega- 
tion of allelomorphs. 

To reverse the picture, if two germ cells, identical in respect to 
any unit character, unite, the result will be a homozygote or pure- 
line individual; should the union be between two cells bearing con- 
trasting unit ciiaracters the product will be a heterozygote. Pure 
dominants will produce only dominants in the second generation 
and pure recessive only recessives. If two hj’brid parent cells with 
identical dominant-recessive make-ups of a unit character unite 
they will produce an equal number of dominants and recessives and 
a “mixture” of dominant-recessive offspring. 

The proportions of each is shown in the following diagram of 
possible combinations from such a female and male of similar hybrid 
germ-plasm structure in respect to the same unit character D-R: 

Hvbbip Inhcritance 


D = dominant 
R •= receaaue 


Germinal cella 


Hybrid 6 
Hybrid 5 



Ft or DD DR RR 

DR 

Mendelian ratio 1:2*1 
Apparent ralm .S 1 

In the combination DR, the recessive character will not appear 
because of the presence of the dominant D, therefore, in all of the 
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olVs-priiiK tlie iJoininaiit will bctomc npimciit in tlie ratio ol 3 to i 
to tlie recessive l)t‘cau<sc D appears twice in tlie DI) offspring and 
once in tlie DU and not at nil in UIl, and since Ull contains no I), 
the recessive U may show itself in this offspring and in it alone. 

LINKAGE. 

From tlie picture presented of a germinal cell powssing a .specific 
number of chromosomes each of which contains a liercditary assort- 
ment of cliaraetcr determiners, and from the beh.avior of its chromo- 
somes in division and conjugation, it might be expectcsl that the 
genes within them would tend to lie pa<«ed around in groups. Tluit 
this actually oceiira has been shown by Jforgnn and Jiis co-workers 
in their observations on mutations in Droaoiikila (the pomace fly), 
in which they noted that w'ith the appearance and contimicd inheri- 
tance of tlie-se sports certain characteristics were transrnitte<l in 
groups or associations. From tins and earlier studies on hex by 
others has come the acceptance of the principle of linkage. In lirief, 
linkage is the tendency to continuous association of a group of 
characters within a cliromosomc; its e.xplanation goes back to the 
principle of the integrity of the determiners throughout the con- 
jugation and segregation of the chromosomes. Tlius tlie older idea 
of blending as a “meUiug pot*’ has given way to the conception 
that blends are not irrevocable fusions of unit characters transmitted 
as such to the offspring but arc temporary unions of factors which 
can be segregated in new germ cells: this roieals the reasons for 
submersion and reappearance of family and race resemblances. 

SEX CHROMOSOMES AND SEX LINKAGE. 

Of special importance to medicine js the association of unit 
characters in certain chromosomes which have Iieen distinguished 
ns the sex cliromosomes. Cellular analyses have shown beyond 
doubt that the chromosoiiie.s in the se.x cells in man are not all 
similar, but that there is one chromo'^me which is morphologically 
distinct from all the others. In male germinal cells or spermatogonia 
this odd chromosome, now colled the X-chromosome, passes diu-ing 
reduction division into one or the other half of the divided cell 
lca\ing the other half without it. One-half of the spermatozoa are 
therefore simplex as to the X-chromosome, that is, there is only one 
X, and the other half is nvllipleje, without the X. Female germinal 
cells contain two X-chromosomes, and are duplex in respect to it. 
When these cells reduce their chromosomes an X goes into eacli 
half so that all ova are simplex. The duplex state is the one which 
develops into the female. If therefore an ovum (X-containing) 
is fertilized by a simple.x (X-containing) spermatozoon a duplex 
(X-X) female will de^■eIop; if on oxnim (X-containing) joins ivitli 
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a nulliplex (non-X-containing) spennatozoon, a simplex (X-) or 
male wll be the result. 

It is not necessary to assume that all subsequent sex charaeteris- 
tics of the iiulividual are the result of this X-cliromosorae, since 
environmental and hormonal factors may rletermine them in part 
but it is certain that some determiners in the X-chromosomes are 
responsible for the direction of sex character development. 

As with the other chromosomes there is a tendency toward 
permanent association of groups of unit characters in the sex 
chromosomes. These characters may not all have specific relations 
to sex development but are nlwaj's found in association with them. 
Such non-sex characters which appear or disappear in accordance 
with the movements of the X-chromosome and its duplex, simplex, 
or nulliplex condition are callwl sex-!inketl characters. Several 
important disease conditions are determined by associations of this 
nature and will be discusse<l more fully later. 

CROSSING-OVER OP CHROMOSOMES. 

In the description of the process of segregation it was stated that 
each chromosome split lengthwise along the line of cleavage between 
the maternal and paternal elements. Careful analysis of the trans- 
mission of linkage groups by Morgan revealed that they did not 
always behave as pure groups confined to one or the other side of the 
line of separation in the chromosomes, but that they occasionally 
became ml.xed. Tliat is, some characters of the maternal side were 
transmitted with the paternal characters while at the same time 
some paternal characters appcare<I along with maternal elements 
of the same group. It appeared as though tliere had been an inter- 
change of maternal and paternal characters at some point or part 
of the chromosome. This Morgan showed could occur if during some 
stage of synapsis the maternal and paternal threads should become 
twisted about each other and then in reduction division separate 
as usual along the long axis. It nould then be possible that those 
genes located between any two twists of the thread would have 
crossed-over and interchange<I. That this twisting actually occurs 
in synapsis when the threads are long and thin has been demon- 
strated, and jMorgan’s cross-o\er explanation of the formation of 
new and mixed groups appears to be well substantiated. Moreo^•e^, 
the threads may twist at several points and result in several cross- 
overs in the same chromosome. ^ accuratelj’ has this been studied 
that from these observations it has been possible for Morgan to map 
the location of many of the genes in the chromosomes of Drosopkifa. 

Although crossing-over seems to have complicated the pure 
transmission of linked characters it has actually given further proof 
of linkage and has also confirmed the fact that genes do not blend 
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l)Ut remain discrete and scpnrnlilc iii every incclianlsm of inheritance 
so far observed. 

Tliis short survey of the mechanism and pliysical Imsis of heredity 
should point clearly to the reason for selecting inheritance factors 
a.s categorical causes. So far as the developing individual is con- 
cerned, there is nothing In himself further b.ick in his existence 
than those factors which have ctmvergHl to lunhc his beginning, 
atid if any of them possc-ss {M>tentinlitics for harm or the prevention 
of harm they can be looketl upon as causes of the developing state, 
TIint the end results may 1m* due to the addition or removal of other 
causes ojMTating iti otlier cntegorl<*s docs not detract from the 
jirimary influence of thc.^e inherited factors. 

HEREDITARY CONSTITUTIONAL TYPE. 

The sum total of an indlvuliml’s tnnke-up, cIcvcIoimkI under the 
influence of Ids cn\ironnu*ut in a direction dictated by his inheri- 
tance, is called Ids nimfitulion or hnhilua. Witldn tlic limits of hU 
aliility to change his environment or to ntlapt himself to it he !•» 
capable of many lines of dcvclopnient of Ids phenotype or somatic 
organiration, but always there is lieneath tld-s a mure basic frame- 
work insusceptible to clmuging conditions of development or 
environment and callwl the genotype, Inheritance type, or hereditary 
constitution. 

Although the concept of coiistUiition has long been rcwignired 
and made familiar in the expressions “general make-up,” ‘‘person- 
ality type,” "individuality,’' and others of similar nature indicating 
uidqucnchs of the individual, it is only with the discovery of the 
pliysical basis of iidieritnnce that its true meaning has been made 
clear. It i.s now known that the phenotj'pe or realized individual 
is uidcpic becaii-se his genoty|)c pattern is unique and not only 
Iwcause his food anil environment are different. 

Constitution studies must recognize the full import of the in- 
herited basis. To say that it is too difficult to analyze in the indi- 
vidual is to ignore the one most important fact about man. 

In order to rei-ognize the genotype pattern in a gii'en individual 
it must be known how and where to look for evidence of it in his 
entire constitution. At prc'scnt this can onb’ be done on bro.ad 
principles tor the changes from the original pattern brought about 
by environmental influences cannot yet be determined with any 
accuracy. But it is possible to see beneath the sum total of an indi- 
incluars make-up, certain patterns of characters which when grouped 
together form resemblances in race and family types, sex-character 
associations and, according to Draper,* disease tjTpes. TIie‘'e 

' Draper, G.. Human ConstitiitHin, Pluladeliihio, XV. B. Saunders Company, 
19J4. 
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partial constitutions or p5>ci«lo-isoIat«I genetic patterns }»a\'e lon^ 
been recognized in clinical medicine and were formerly held in 
mucli higher esteem as aids to medical understanding of patients 
than now. There is a great probability that many of the grouped 
characterbtics which Draper has revealed in his studies on consti- 
tution and disease are linkage gToti()S and if this be so a wide field 
of study is opened in the investigation of those tendencies and resist- 
ances to disease which seem to go along with them. Outstanding 
among these are his correlations of anatomic types with gastric 
ulcer and gall stone disease. 

His findings in these two contrastc<l types arc tabulated as follows: 


J/rflswremeni. 


Gaslrie ulcer. Gall-hladih r disease. 


Gonial angle (average) 

(Angle between horizontal 
and ascending rami) 
Palate 
Incisor teeth 
Face . . 

Interpupillary distance 
Thorax ... 

Subcostal angle 
Pelvis . . . 


120 “ 


Narrow and deep 
Long and narrow 
I/)ng and narrow 
Ilclatively db-t.ant 
Relatively short an* 
tcro*|K>«torHjrly 
40 “ 

Narrow 


General Type males 


Slender and ma«cu- 
linc 

Mostly males 


112 “ 


Broad and shallow 
Short and square 
Broad and sfiort 
Relatively close 
Large in all dimen- 
sions 
50 “ 

Broad (males rela- 
tively wider than 
females) 

Pat and tend to 
feminism 
Alostly females 


Otlier obse^^•ers have recorded similar correlations between 
anatomic measurements, body characteristics and disease. Bean' 
and JJryant* have correlated intestinal length with morphologic 
human types and disease tendencies; Beneke* described certain 
constitutional inadequacies in persons with small aortas; and 
Niicke^ found tabetics to conform mostly to the asthenic, long- 
chested, long-legged types while paretics were largely sthenic, 
short, atwl stockily built. 

In the above findings it is to be noted that the anatomic and 
morphologic criteria are largely of the same order as those used in 
general biology for species determination. That man has specific 
characteristics cannot be denied and there is a possibility that some 
of these correlations between morphology and disease are due to 

‘ Bean, R. B.: Morbidity sod Morphology, Bull. Johns Ilopkins Hosp , 23. 3G3, 
1912. 

* Bryant, John. The Csmirorous and Herbivorous Typos m Man, Boston Med. 
and Surg Jour.. 172, 321, 1915 

* Beneke, F. W.: Dio Alterdispositioii, Marburg, lRn7. 

* N.lckc, P.; Allg. Ztsohr. f I^ehiat., 50.557. 1899 
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constitutional linkage. Tliat tliey ate strictly peuetic in the sense 
that there is a tcn<iency to disease detenninecl by gene pattern and 
relationships, and brought out by etiviroiiraentnl infhiciioos, is not 
so certain and remains an open (iiiestion. TJie danger of assuming 
that the disea'se is the result of the morphology is great and any 
reasoning from the facts can go no further than to say that there is 
a correlation l)ctween them and that possibly the inorpliologj’ 7nay 
be our factor in the determination of the disease. 

There is a school of thought that reganls iiilicrited constitutional 
types as due to hormonal or endocrine disorders, llils trend has 
sought to explain everything from race type to individual pecu- 
liarity of tcmjKjramcnt, with, it must be admitted, but little regaol 
for scientific truth and accuVacy. There is no real basis for assuming 
that l)ecause an apjvarently normal person presents morphologic 
peculiarities tliat rcseinlilc those of patients with acquire<I endo- 
crinopathies, that the apparently inborn type is ca»»se<l by per- 
sisting imbalance in the glands of internal secretion. But since 
such resemblance does exist an»l these types tend to appear in 
families, it may be true that they arc hcrt‘<litnry constitutional 
t.\^>es which depend on a genetic pattern in winch glandular inheri- 
tance plays an active part. Not that they are disease states hut 
that they represent noimal variations in the balances of all physio- 
logic meclmnisms of which the endocrincs arc a part. This h 
quite (lUTerent from itilierltance of endocrine disorders, which will 
be discussed later. 

PREDISPOSITION AND DIATHESIS. 

A group of disease cwiditions even more generally associate{l 
with hereditary constitution is rcprcsentcci by those due to the so- 
ealled “<liathescs,’‘ “tendencies,” “susceptibilities,” “pre-disposi- 
tions,” and various forms of “constitutions.” Byle,* the most 
recent of those who have attempted to define diathesis looks upon 
it as a “transmissible variation in the structure or function of tissues 
rendering them peculiarly liable to react in a certain way to certain 
extrinsic stimuli." lie tiim assumes dual causation, part heretlitary 
and p.art environmental, and his definition appears to conform closely 
with what is known about diatlietic conditions. Discussion in the 
past Jins ccntercil largely around the question ns to whether it was 
the disease or a liability to tbe disease which was carried in the 
individual, or a tendency to the manifestations of the disease. Byle's 
definition brings the opinions of the old and new schools together 
and places the whole matter within the realm of genetic investiga- 
tion. The revival of interest in heredity and disease manifests 

' Ryle. J. A : Physiont TJ^)C anil ReaetHm to Diaense. Guy'* IToap Ga* , 40. 
MB. 1930 
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itself in the large bibliography of medical articles dealing ^vith the 
elements of heredity in such diseases as cancer, diabetes, arterio- 
sclerosis and epilepsy, and in a group of much less tangible entities 
such as resistance or susceptibility to specific infections, allergic 
h> 7 Jerscnsitiveness and idiosyncrasy to certain drugs and poisons. 

The more evident the environmental factors become in the causa- 
tion of disease, the more difficult it is to prove a hereditary basis in 
any condition where it is suspected. There is a long list of abnormal 
states which the physicians of pre-bacteria days believed to exhibit 
familial hereditary tendencies. With the disco\'ery of the role of 
bacteria, vitamins and other environmental influences in the pro- 
duction of disease, these “hereditary tendencies” were largely 
discarded, because it was felt that the newly discovered causes were 
adequate explanations for the whole picture of disease. Subsequent 
studies have shown how wrong they were in mam instances for the 
revealed causes have not proven to l)e so satisfactory and complete 
as had l>cen assumed. 

JMany competent authorities now insist that cancer, diabetes, 
and many other diseases, as well as liabilities to certain infections 
and increased resistance to others have a hereditary constitutional 
basis, and yet the evidence rests on but a few facts nhich arc highly 
suggestive but not proven. 

^Vhen family incidence shows Itself repeatedly in investigations 
on a giv’en disease it is a potent argument in favor of heredity, and 
especially so vvlien a careful analysis of all environmental etiologic 
factors fails to account completely for its origin. 

The suspicion of an inherltevl factor has long been expressed by 
the layman when he says that a family 1ms a tendencj to “delicate 
throats,” “poor hearing,” “weak eyes,” “stomach weakness,” “con- 
sumption,” and “kidney trouble.” 

It is obvious that such observations cannot be relied upon but 
evidence is accumulating that there may be some scientific trutli 
beneath these tales and they cannot be dismissed too readily. On 
a wider basis than the family there is evidence that there are race 
liabilities and resistances to disease which are not entirely due to 
differences of environment or exposure. Such conditions are as 
divergent in their etiology as tuberculosis and diabetes and tliere 
are competent scientific authorities who support the belief that 
there is an inherited element in them. 

"Wlien it can be shown that there is a high correlation between any 
manifestations of disease and a known hereditary constitutional 
factor, the argument in favor of heredity becomes even more impres- 
sive. Thus it has been shown by the studies of H. and L. Ilirschfeld* 
on a large series of parents and children that there is a significant 

• HirscMeld, II . and Hirschfeld, L.. Klin Wehnachr., 3. 2084, 1924; Lancet, 2. 
675, 1919. 
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com'lntioii iK'twtrn hloixl groups and imtnuiilty or 8ti''CfptibiIity 
to (liphtlicria ns clctcnnimsl i>y tin* Schick test. Dlooil proiips )mve 
been bliown to be licmlltnrj* tliroiif;li Imth fatnily hikI race .studios 
and are therefore inlieritcfl constitutional fnetora. That such a 
ilefinite phenomenon ns resistance (or lack of resistance) to n specific 
bacterium is related to heredity is presumptive evidence tliat cor- 
relations of the same finlcr may etist in otlier infections. 

Garrod' i.s insistent that there are in-born factors, largely of a 
elteinical eonstitutionnl nature, in some of the errors of inetnholism 
and the hyporscn.sitivc!iess to various foreipn proteins am! otlier 
chemical elements sneh as ilriipi and vt^etahlc and animal poisons. 

Thus, heredity, although unproven, must he held suspect in the 
groups of diseases and morbid pr»»cess<*s so far iiiscussc<l, but tlic 
evidences in favor of and apaliist it arc so manifold that no attempt 
can be imule here to <lctail them. 

If heredity can eventually be shown to be ojierative in qiicstioti- 
ttblc cases tlie inherittsi factors must conform to the mechanisms 
of heredity. This means that further stmly on these diseases 'vill 
have to take into account tlw part plavcti by linkage, cro&sing-ovcr, 
sex-linkage and all of the complicated processes of hybrid inheri- 
tanec, and the transmission of dominant and recessive characters. 
.Mso, many of them uill probably l>e found to lie due to multiple 
factors and therefore dejiendcnt for their appearance on the entire 
genetie pattern, or by llnkncc with larger patterns on particular 
chromosome inheritance. 

HEREDITARY DISEASES. 

In contrast to tliesc sus(K;ctc«l inlieritcsl trends there arc a number 
of nbrionnalities of structure and function and some few disease 
entities which Imie bi'cn proicn to l>e definitely hereditary in 
nature Tiiey all exhihit some one or inon‘ of the criteria necessary 
to establish their herc<litary character, the outstandinR being the 
phenomena of dominance and recesshcncss and sex-linkage. 

Owing to the difTieulties cncmmtcrwl in the study of inheritance 
of disease in man, due in part to the incompleteness and unreJiahility 
of geiieologic records and part to masketl duminance, skipped 
generations, multiple v.iriniits, poly -hybridization, and general 
smaWneas of human famdves, it » impWs'siWe to too deSnitc in 
asserting that any discjise sbown to be herciiitary is transmitted 
as a dominitnt or a rece.ssive- 

In a few comlitions there is little question as to their mode of 
transmission and many authorities arc in perfect agreement con- 
cerning them. This Is espedally true of the structural defects, some 

' Garrod, A E. Thelaborn ratters in Sucaiie. Osford, CUtendon Press, 1031. 
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of the abiotrophies, and those condidons ^vhich are sex-Unked. 
These diseases have been followed carefully throiigli many family 
lines and their behavior is unquestionably establishetl. Others 
^vliich have been traced througJi many families and generations, 
still remain in doubt, not as to their hcr^itary nature but as to how 
they are transmitted. 

The following table of here<Htable diseases and pathologic condi- 
tions has l)een compiled from many sources in an attempt to sliow 
the current status of opinion on the subject. Doubt as to the manner 
of transmission is shown by the inclusion of some conditions under 
both dominant and recessive headings, and those in which inheri- 
tance is questioned or suspected are so indicated. 


Inherited Patuolocic Cilviucters in Man. 


Dominant. 

Hereditary cataract 
Night blindness (\vhcn not sex lim- 
ited) 

Brachj-dactyly 

Polydactyly 

SjTidactyly 

Symphalangy 

Exostoses 

Hereditaiy fragility of bones 
(Fragilitas ossium) 

Diabetes insipidus 
Huntington’s chorea 
Achondroplasty 
Keratosis 
Epidermolysis 

Hypotrichosis (and edentate condi- 
tion) 

Diabetes mellitus 
Muscular atrophy 
Pigmenta^ degeneration of tlic ret- 
ina (retinitis pigmentosa) 

Absence of lens 

Glaucoma 

Coloboraa 

DwyAaced \ens 

Paraljifc drooping of eyelid 

Acholuric jaundice 


licccsnve. 

Albinism 

I*igmcnt.ary degeneration of retina 
Alkaptonuria 
Hereditary epilepsy 
Ilercditarj’ fccblonundcdness 
Hercditan- invmity (dementia praj- 
cox and manic depressive) 
Hereditary alcoholism? 

Hcrcdilar>’ criminality? 

Ilerwlitary hysteria? 

Multiple sclerosis 
Friedreich’s disease (hereditary 
Ataxia) 

M^ni^rc’s discaso 
Cliorcn 

'Tlioinscn’s disease (myotonia) 

Dcaf-mutism 

Otosclerosis 

OstcoM’lcrosis 

True dwarfism 


Sex-linked Hecessives. 


Gower’s muscular atrophy 
Hemophilia 

Color blindness (Daltonism) 
Night blindness (nyctalopia) 
Neuritis optica progressiva 
Myopia 


Multiple sclerosis 
Coloboma 
Alkrophthalmia 
Hereditary nystagmus 
Hereditary toothlessness 
Idithyosis 
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Questionable Dominanto or Recessives. 


}^rohahk or suspcdcd domtnanU. 
Cystinuria 
Gout 

Defective Imir and tcctli. or teeth 
alone 

Extra teeth 

Hare-lip 

Crj'ptorcliidi'iii 

llyjKjspadias 

Otosclerosis 


Prof^hle or suspected rcecsskes. 
Hereditary ataxia 
OtosclcrasU 
Hereditary tremor 
Cretinism 
Sptenic anemia 
StaiDinerinB 
Qilorusls 


Unultehxjinld FnEuisiHismoNs. 


Cancer 

Pneumonia Oobar) 
Hernia 

Spasmodic croup 
Arthritis defonnans 
Scoliosis 

«Vtv?iQQ<im:iitic wlem 


I’cptic ulcer 
Gout 

AUcrpic state 
Pernicious nnciuia 
Tiiterculoiis? 
Diphtheria? 



CHAPTER IV. 


THE DEFENSE AGAINST INHERITED FACTORS. 

The evidence of heredity is so strong in some diseases and abnor- 
mal states that they are already in the position of being attacked 
at their source through attempts to intercept or oppose their cause. 

The principles of prevention arc clearly applicable in the defense 
against inherited factors. Hereditary disease is not ine\'itnble in 
the human race for almost mthout e.vception, those in which the 
mode of transmission is knowm, can he prcvente<l. In all probability 
innumerable cases of hereditary cataract, insanity, or hemophilia, to 
name but a few diseases, have been evaded for no other reason than 
the fact that chance mating and the number of offspring, worked 
against them. Conscious control should bo able to do the same by 
selective mating, out-breeding and the control of progeny. Animal 
breeding has given valuable indications that these things can be 
done. Blanket measures arc applicable against hereditary defects. 
Tlie use of such measures is exemplified in the efforts to prevent a 
group of disorders of the nervous system which appear to be partly 
the result of an inherited instability of the nervous mechanisms. 

A similar possibility exists against the allergic group of diseases 
in which the hj'persensitiveness may not be specific to any one 
antigen but is a group specificity. It is possible that some errors 
of metabolism may fall in the same class. In each instance the pre- 
ventive efforts against one condition may result in the prevention 
of many others. 

The practising physician is constantly finding instances of family 
tendencies and he is therefore in a position to recognize and study 
tliese clinical phenomena. \Vliat he can do to prevent their propaga- 
tion through faulty mating will depend on his influence among his 
patients’ families as adviser as well as phj'sician. This w as a respons- 
ibility felt very heavily by the doctors of former generations, for 
they were interested in the family problems of their patients, re- 
joicing with them at births, and as deeply affected by engagements 
to marry as by the impending death of their patient-friends. 

The part of confidential acivisor can hardly be less the duty of the 
attending physician than the cure of disease. Although his advice 
may not be taken he should always warn, for there is no one so well 
informed on the hereditary diseases as he, and no one better placed 
to issue the warning. 
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Tile doctor’s juclptnent and advice on the ndvisiidiiUty of miirriace 
mnst lie made as far as possible on known or strongly snpportftl 
facts ns to the probabilities of Imrmfiil iiibcritniicc and a soiiml 
knowledge of how germ-plnsm-borne diseases arc transmitted. 
His a<lvice n.s to whether two young jicoplc .should marry, in both 
of whose families he is an nit* of a strong recessive harmful character, 
should be only ns spccifie nnd ns cniplwtic ns the facts may warrant. 
On the other Imnd the presence of a Imrmful chnractoristic on one 
side of the union whicli may lie siippresscil by a satisfactorj' mating, 
need not imply that the ixrraotis involved should not inarrj'. But 
such ailvicc must lie given with the nntlerstnntling that at least 
the first nnd second filial generations must he eonsidcredr if the 
doctor’s ndvkt! enn over l>c cxpectcil to be taken on such remote 
possibilities. 

It should bo possible tlicrefore for the private practitioner to aid 
in the application of blanket measures against bererlltary diseases 
for the goorl of the individual and the bctlenncnt of society. The 
appeal to family pride Is often tVic .strongest motive on which lie 
can depend. 

Blanket measures to\var<l social and race improvement have 
hoen tried ns long ago as the Spsirtans and ns recently ns the neiv 
ciigcnles movement started by Gallon. All have failed or succeeded 
according to the applicability of the measures to the aims in view 
under the existing social onler. Although the present dIsciis.slon is 
limited to hereditniy disease and is not primarily concernetl witli 
raising super-men wliatever preveiitis'c measures may he iistsl must 
be ailaptcd to the customs of the times and plaw. Wliat the pris ate 
doctor might try to do for a few is assumed l>y some to be tlie func- 
tion of the State for the many on the argument that since the e«hica- 
tion of the masses and the care of the helplessly constitutetl mdi- 
vidunls is today an ndmitteil function of the State, the prevention 
of the propagation of uneducabic and socially unfit Jiahilities sliould 
also be the duty of the State. On principle, this can be accepted. 
The difficulty comes in knowing the liabilities; or, put in another 
way, can the possible hidden assets be ignored? Pearl* has ex- 
pressed the dilemma by saying t!»nt tlie only guarantee of tlie w ortli 
of an individual for the brceiling of a superior race is not his oiui 
superiority but the superiority of Ids progeny. 

Hereditary cataract is a strong Mcndelinn dominant, albini&m is 
a recessive, and hemophilia a sex-linked recessive. Can or should 
the State legislate against the marriage of persons showing these 
defects because their children may become wards of the State? 
It would undoubtedly be a blessii^ to a family to be purged of such 
impure members but what of other qualities of definite usefulness 

> Pcotl, Raymond The BioIokj of Supenontr, Am. Mercury, November, 1027. 
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wlno-h tliey might possess and which would be lost in the same 
elimination process? 

Feeblemindedness and hereditary' insanity ore defects of another 
order of liability in that the subjects of them are incapable of volun- 
tary submission either to acccptcil social standards or legislation 
and are therefore of positive harm to future generations. 

Between these extremes arc all grades of un<Iesirable hereditary 
traits which should be weeded out but there is always the fear of 
losing goo<l grain with the weeds, or of transgressing personal 
liberties. 

The methods now in vogue for the prevention of the obviously 
undesirable and insane are segregation, sterilization, and non- 
certification for marriage on physical or mental grounds. Efforts 
through birth control are foun<l in almost every community but 
they flourish only so far as social tolerance permits them. 

It would be beyond the scope of this work to review the opinions 
expressed on the merits and evils in all these measures, or to attempt 
to abstract the regulations for their practice. That there is much 
to be said to the advantage of each can hartlly be doubted if strict 
adherence is to be given to the aim in view. Each will probably 
increase in popularity according to the circumstances under which 
it is urged, and preventive mwlicinc can look with favor on any 
one which works and gains its ends so long ns fanatic enthusiasm 
does not carry it beyond its bounds. 

The physician in a community must be a potent force in creating 
sane attitudes towards social medical preventive measures. There 
can be little excuse for him to stand aside and take no part in the 
support of measures which he hopes will be effective in reducing 
hereditary' disease. Every physician favors eugenics at heart, he 
has the knowledge of what is required to put his convictions into 
effect, and he will, in the future, add to his usefulness and his pres- 
tige if he does so. 

As the problem of the prevention of hereditary defects narrows 
down to the particular failures in the genetic pattern of the indi- 
vidual the preventive measures to be applied will not be against 
the inheritance of the condition but against its development, for 
the individual is already a realized individual who has progressed 
to one, ten or sixty years of age under the influence of liis environ- 
ment within the limits set by his inheritance. The conditions with 
which the doctor is most concerned are not the congenital structural 
deformities and anomalies but the diseases which depend for their 
development on the operation of environmental causes in addition 
to the inherited factors. In them he is faced with the tantalizing 
thought that given an inherited trend (the idea of a gene as a deter- 
miner only, has here a special appeal), he may be able to assist 
the individual bearing it to adapt himself to his environment or 
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tt) control tlie ctiviroiunent in fcoine way bo tliiit tlie disease riu.v 
never develop. 

Sueli hope is held out for the future eonlrol of dinhefes mellitus, 
arteriosclerosis, eaueer, m>ut, ollerjjie asthioa, hj j)erscnsitjzati»ns, 
otosclerosis, and other susj)eet«l but not definitely iirovcn hcreilifnry 
tendencies. 

'Hie Xntiirnl History of nn inhoritet! disease cxteiuls backward 
throuKh the jiiKt*str.\- of the alFectol individual and is potentially 
ropeatcti forwiirtl in Ids j)ropcny. rnfortunately, the present under* 
standing of many such dht^ases and <li.scasc tendencies docs not 
jwTinit the constr\jclion of the entire chain of events through v.hk!\ 
they j)rogress. Ne\crlheI(“S.s, the presence of vulnerable points in 
the natural histories of such as an* known makes it possible to dirc<t 
preventive nctivitic.s against them. As has been pointed out hetero- 
7.\gnus or homozygous ciiaracters can be prevented from coming 
together hy regulation, blcHIizatum. or intercepting the union of 
ova an»i sperm hy any numl>er of incthcxls, Or once united into a 
defcctise -/.ygotc there arc possii>ilitw*s that certain agents can be 
uswl to eouuterhnlnncc the faulty gene infliicncf and that these 
can be consciously applied; for e.\ninple, dcsensitization to foreign 
proteins in a liercditnrily li,\-pcr»onsitive intlividu.il. Kurtliermore, 
known secondary caust*s which may outer tlie chain of events can 
bo opposed or inhibited by the u.se of any available means, sticli as 
careful regulation of the diets and habits of potential diabetics and 
peptic ulcer eases. 

IJec-ause the zygote Is m<livi<lunl nn<l unirpie, probably the greatest 
restdts in prevention will be ohtainetl hy methods Nvhich arc intli* 
\ idual in their application. It can hardly he expected that the social 
order will arrive at complete ciiotigli understanding to apply elec- 
tive mejisures against most Jiore<litary diseases, but tliere is cvep' 
reason to believe that the phs'sician in practice Avill some daj' attain 
enough knowledge and insight into the mechanisms of heiwity to 
be able to advise, warn, guide and treat those of his patients with 
know n inherited factors of disease to an extent tliat will inaterially 
reduce the muiiher of defective and inefficient patients in bis and 
subseciueut generations. 



CHAPTER V. 


CATEGORY II: DEFECTS OF NUTRITIVE ELEMENTS. 

THE NUTRITIVE ELEMENTS IN HEALTH AND DISEASE. 

A FOOD is any substance which, when assimilnte<l by an organism 
is useful in its growth, development and repair, or is of use in the 
normal processes of digestion: its main criterion is utility. 

Distinction must be made between utility and utilization. A 
substance which is useful to the body may be prevented from being 
used by some alteration of function or structure of the alimentary 
tract. Thus certain enzymes necessarj' for the breaking down of 
complex protein molecules ma\ be absent from the stomach or intes- 
tinal secretions, and therefore the imti\ e proteins will not be reduced 
to a condition in which they can be absorbecl and used by the tissues. 
The protein is unchanged in Its usefulness hut it is not in a form 
which can be utilized. The importance of this distinction lies in the 
acceptance of utility as a criterion by uhich a substance is judged 
to be a food: it is the starting point in the discussion of the mechan- 
isms of nutrition. 

Usefulness implies the satisfaction of a need or requirement. A 
food, from this point of view is a substance wliich is needed hy the 
body for the purposes mentioned in the definition, and conversely 
any ingested substances for which the body has no need is not n food 
but a contaminant of the food supply. Any :naterial which cannot 
be absorbed from the gastro-intestinal tract and which is not useful 
in the performance of any function of the alimentary system is not 
a food; also, any substance which may be absorbed and carried to 
the body tissues but is not useful to any metabolic or vital processes, 
is not considered to be a food. In both of these examples there is no 
body requirement for the materials although they may pass through 
certain mechanisms capable of disposing of them. The fact that 
thej' may appear in body processes does not imply that they are 
needed, but on the contrary, may be positively harmful. 

The food requirements of the bodj are determined by the total 
needs of its component parts. In the complex human organism 
all tissues and cells do not require equal amounts of the different 
nutritive elements because of specialization of function. Thus the 
red blood cells contain 80 per cent of all of the iron in the body and 
iodine is almost entirely utilized by the thyroid gland. A thorough 
understanding of the processes in whieli the individual food ele- 
ments are involved is as essential as the knowledge of their chemical 
and biologic qualities and quantitative reqxurements. 


( 53 ) 
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Food is essential for tlie maintenance of tlic halancetl mechanisms 
of the body tliroiiKli nil stages of pnnvth and development. These 
mechnnisma liavc iiwn built up from the iK'piinin/' of ontogeny by 
the eontinuial diflerentmtion of jKirts and the constant assimilation 
of focxl. Provision is made for the eliinination of waste and the 
disposition of nnncc’casary or hnmifiil .sithstntiws and a balance is 
thcrcl)y assiinxl betww'n the nutrient supplied and tltc relatively 
stable wjuiliiirium of the organism. 

CLASSinCATIOW OF FOODS. 

The majority of foods arc not in a form for immediate use by 
tissue (ells and must he prep,arcsl hy the processes of digestion. 
This preparation is of the nature of rtsliietion of coini)lcx comptaintls 
and the breaking up of the physical structure of raw food particles. 

Altliough foexi is generally thought of as the raw and cooked 
mntcrmls which are eaten as such, there is nnotiicr conception that 
eousidcra it not in its bulk, but in the smaller chemical elements 
of which it is cornjwsed. Hut even these ore still further ditisible 
into the fuinl forms which can be titilizod immediately by the body. ^ 

Tlie n\.w bulky state, in nu»st instances is too crude and compH- 
cuted to [wmit detail<xl knowledge of its usefulncs.s. A piece of 
beef steak for e.xample cannot be studied ns a steak but must Hr^t 
Ikj flualyrcd and investigated in its physical ancl chemical units. 

Xor can the problem of nutrition be approached only from n 
study of the final forms to which food can be reduced by physiologic 
processes. To inscstigate the amino-acids and monosaccharides 
ns they are absorbed from the gswlro-intestiiial tract would gbc 
little infarination na to the prcwling states of these materials with 
which tl»e body has to deal. 

It is desirable to know what arc the fumlamental physical, chemi- 
cal and biologically active units of which the food supply is im- 
posed in its nati\e state and before it has been acted upon hy diges- 
tive and assimilative processes. 

Chemical and biologic anniysks of foodstuffs has revealed relatively 
few primary classes of food elements. More are (^rtain to be added 
in the suh-cla-jbcs into which they can he divided hut there is little 
indication that the number of large groups themselves will be in- 
creased. 

The present knoadedge of nutrition recognizes the following classes 
of food principles, food elements, nutritive elements or nutrients 
as they ate variously called; 

I. Water IV. Fats 

II. Proteins V. Inorganic s.nlts and minerals 

III. Carlwliydratas VI. Vitamins 
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Since these are the fundamental unit forms in which food is 
supplied to the body they haw been selectecl as the basic elements 
of a categorical group capable of causing disease by defects in their 
supply or utilization. They are all potentially useful and each 
fulfills a need. 

In order to comprehend more fully the effects of deficiency or 
exc-ess of the nutritive elements it will be necessary to renew the 
mechanisms through udiicli they e.diibit their usefulness and the 
functions and processes dependent on them. 

FOOD REQUIREMENTS OF PROTOPLASM. 

The primary needs of protoplasm are materials which it can 
syntliesize and assimilate or bring into association with itself, and 
energies necessary for its xdtal processes. Since protoplasm is 
constantly utilizing these materials and performing work it is an 
exliaustible mechanism and the food ond energy requirements must 
be resupplied. Protoplasm can not therefore be self-sustaining 
but must depend for its food>energy source on its environment. 

All protoplasm so far analyzed is dead protoplasm, and although 
it can be said that C.II.N.O. and S. are constantly present this is 
far from stating its actual composition. Organization seems to be 
the greater part of the explanation of protoplasm for it is possible 
to synthesize in tUro many compounds of C.II.X.O. and S. but 
they do not make protoplasm. Other elements found less constantly 
in allegedly pure protoplasm analyses may be just ns important 
to the living substance as those listed above and to consider them 
as unessential or contaminations begs the question for in many 
instances it is found that the full e.xpression of the protoplasmic 
activity is impossible without them. 

Plant and animal physiologj' differ in their nutritive processes 
largely in the form of the nutritive elements which they can utilize. 
Plants can synthesize protelds from simple chemical elements but 
animals cannot and animal life is possible only as a form of parasi- 
tism on plants. Since the present concern is only with the phj'siolog^' 
of animal nutrition all references to protoplasm and tissue needs 
will be understood to apply to animal organization. 



CIIAPTKR VI. 


TIIR NITRITIVK EmiK-NTS IiV JIKALTII AND DISKASK. 

WATER. 

^YAT^.n is tli(‘ most importjuit ni.itemi nrcd of protoplasm ami 
makes tip from CO to 85 jx-r tvnt of its ittjlk. ]ii tlie hiiiimii boih 
water nceoimts for approximately 70 per mit of tlic wclpht. TJie 
tt atcr «)ntent of a man of nveriipe size is nliotit 100 poiimls. 

Tills fluid xolurne is present in three main states; the circulating 
fluids in the hlood and lymph channels, the relatively static “Iwp” 
of liquid in tissue spacx?s and between the trlls, and the intrntelliilar 
fluid component of protoplasm. 

Tlic functions of water require that it be constantly in motion. 
That which is spoken of as circulatinp is only relatively niorc in 
motion than that which ban '‘inundated’’ (Cannon's term) the 
tissue spaces, and this last is only tx)mp.'irntively acti\ely mox'inp 
in contrast to the water within the a-Hs. Ks’ery molecule of svater 
which the body lias assimllatc<l from Its environment eventually 
]sasscs through these three states. 

At various points on this circuit the water het'omes \rj%i to the 
hoiiy by virtue of its participation in eliminatis e processes to which 
it is o».sentia!. Thus, the water which juisses through the capillary 
tufts of the renal glomeruli becomes invoivctl in the elimination of 
waste products and the formation of vwinc; that which reaches tlte 
tissues lining tlie alveoli of t!»c lungs nncl mucous membranes is 
lo^t directly from these surfaces; external secretions such as tears, 
milk and sweat carry off several pounds of water per day to the 
external environment. 

All of this fluid loss must be replacerl. Although the intern.sl 
water circuit may be maintainol fora time by tlie continuation of 
metabolic processes this very activity itself promotes further loss. 
Although there are defense mecJianisms which operate to conser\’e 
the fluitl matrix they are incapable of maintaining the water balance 
unless more can be obtained from the ensdronment. Life itself is 
rlependent therefore on the consumption of xvater. 

Water is the medium in which all physiologic processes take place. 
It is the mother liquor that makes possible the solution of electro- 
lytes, the passage of materials through cell membranes, the trans- 
portation of particulate matter, sudi as blood cells, and chemical 
ingredients like hormones, enzymes, amino-acids and ncid-b.sse 
( 50 ) 
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substances. Water acts as a mecbanical protection against physical 
injury by lubricating serous surfaces and by interposing itself as 
cerebrospinal fluid betu’een the sensitive nerve tissues and their 
unyielding containers. The maintenance of bodj" temperature 
depends to a great extent on heat lost and conser\'cd through the 
control of water evaporation from external surfaces. 

Although a considerable amount of the water 8upplie<l to the body 
is in the form of bound water in the so-called solid foods, this source 
is inadequate and is supplemented by the consumption of various 
drinks and lievcragcs. The manner and amount so consvuned is 
largely conditioned by the time of meals, taste, drinking habits, 
and the use of various food adjuncts such as gravies and sauces. 
Most people also demand the cooling elTcct of water taken by itself 
in varying amounts throughout the day. Individual habits of 
drinking are largely regulated by the mechanism of thirst. Cannon 
has shown that thirst is a physiologic response to fluid demand 
manifested by local drj ness of the throat which becomes uncom- 
fortable until the demand lie met. Thirst may be looked upon as n 
need produced by an imbalance in a regulatory mechanism which 
makes use of conscious effort for its satisfaction. 

Daily Fluid Intake.— Only recently has a clear understanding 
been obtaine<l of how much water should be consumed in a day. 
The newer know ledge of water inetalwHsm cmpltasires the flexibility 
of water reserves, especially in the skin and muscles. These reser- 
voirs and others are constantly giving up and receiving water in 
response to activities in other tissues and, within the limits of 
physiologic equilibrium, are well able to take care of all ordinary 
requirements. It is not necessary to consume large amounts of 
water in order to “flush the kidneys,” give fluid to the fecal contents, 
increase the milk supply, and to perform many other idealistic 
feats of physiology. These functions do not depend on the volume 
of water supply alone and are little alTectetl by it without the inter- 
vention of other pliysiologic factors. 

Wiat is required is a maintenance of water balance in general 
so that when individuals are advised as to how much water and 
beverages they should consume consideration should be given the 
fact that the supply from such sources need only be supplemental 
to the water content of the twenty-four-hour food intake. The 
average daily intake of water or other fluids for an adult should 
be 2 to 4 liters (4 to 8 pints). 

It is interesting to note the water content of some of the common 
so-called solid foods; 

Beef loin, CO per cent; tongue, 70 per cent; liver, 71 per cent; 
roast, 48 per cent; ham, 40 per cent; bacon, 18 per cent; bologna 
sausage, CO per cent; chicken, 75 per cent; fish, CO to 80 per cent; 
oysters, 80 per cent; boiled e^, 73 per cent; cheese, .34 per cent; 
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butter, 11 per cent; boiled rice, 92 per cent; wheat breakfast foods 
(nverape), 9.0 i)er (vnt; breads (average), 35 to 40 per cent; toast. 
24 per cent ; .soda biscuit, 23 j)er cent; Hina beans, 08 per cent; aspara- 
gus, 91 jwr ctMit; string-beans, fresh, 89 jxr cent; string-beam, 
cooktsl, 75 i>er cent; carrots, 88 per cent; cauliflower, 92 per cent; 
ccler.v, 09 per cent; lettuce, 91 |)cr cent; potatoes, 78 per cent; 
spinach, 89 per cent; apple, 89 |)cr cent; orange, 87 per cent; straw- 
Iwrries, 90 jwr cent; almonds, 5 per cent; peamits, 10 jicr cent. 

In a sample diet taken at miidotn from a book on dietetics tiie 
total amount of “.solid foofls" t«» Ik- taken in one day was 135.5 
grams. Of this amount 1023 gmms was water. 

Water Starvation.— As long ns one is not actually starving, fluid 
loss is being made up in part by water in the Sfdkl food.s. But unless 
this 1)0 .supplcjncntwl by beverages an<l other forms of liquids, the 
drain on the tissue fluids may lead to serious derangements of met- 
abolism. Tlie ordinary pbj-siologic checks against imbalance of 
water distribution, such as the regulation of the salt and protein con- 
tent of plasma and lymph, the maintcnaiKV of an acid-base equilil)- 
riuin, elfective thyroid actlsnty, cflicient blood-pressure and kidney 
glomeruli intor-relationsbips, an«I satisfactory glandular activities 
In general, cannot operate encctivcly for Jong on nn inadequate 
fliiicl supply uhiob forces them to call continuously on tissue re- 
serves. As a reniilt of this repeatwl Iwrrowing of water from some 
tissues and paying back only In part by others a serious shortage 
eventually occurs in vital organs, ami death ensues. The limit 
of tolerance however is great n.s can be attested by the many persons 
who have experienced serious water starvation following shipwreck 
and other dis.astcrs but ulio svere rescued and restored to liealth. 
Under less dramatic circumstances there may be no more serious 
disturbances than thirst, muscular cramps, alalominal pain, weak- 
ness, and the typical "fallen in” appearance of the dehydratwl 
person. These can be o\ercomc verj' quickly by drinking water 
or the administration of liquids by artiflcial means. In the Jiealthy, 
such temporary deprivation proiluces no permanent damage to any 
org.in or causes any irreparable alteration of vital functions. 

Prolonged inadequacy of liquids, short of serious water starva- 
tion, may eventuate in disturbances of other mechanisms which 
depend on water. This is especially true of nitrogen metabolism 
as evidence<l by nn increase in blood and urine urea under these 
conditions. Van Slyke' is of Ihc opinion that this is not due to 
impaired excretion but is the result of augmentation of nitrogen 
catabolism. Long-continued deficiencj- of water results also in 
increased concentration of Idood hemoglobin, plasma and serum 
protein, and diminished blood volume. 

I Peters, J P.. and Van Wyke, D. D.. Quantitative Clmient Chemistry. Balti- 
more. Williams & Wilkins Company, 1931. 
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^\Tien the fluid intake is lessened, not by voluntary starvation 
or an inadequate suppi}' of water, but morbid conditions, such 
as coma, acidosis, vomiting, poisoning and various intoxications 
and by any diseases altering t}»e utilization of water, or diseases in 
which fluid loss out-balances the supply, the consequences are far 
more marked. Maintenance of water balance is imperative under 
these conditions and clinical custom has long dictated the need of 
forcing fluids in their treatment. 

Water Intoxication.— Excesses of fluid intake are ordinarily 
handled satisfactorily by the excretory mechanisms. It requires 
exceptional amounts of water to produce any detectable blood 
volume increase or serum or plasma protein decrease. If the urinary 
output is diminished by disease or the action of drugs such ns pitiii- 
trin, a condition of “water intoxication” may be brought about. 
This is characterized by headache, nausea, dizziness, weakness and 
incoordinated movements. In anlma] experimentation it ha.s pro- 
duced comnilsions. A similar syndrome results when water has been 
taken too freely by those who have just done a turn at work under 
hot drj’ conditions where they have been temporarily unable to 
quench their thirst. 

Water with Meals.— Besides the total amount of water consumed 
per day and its physiologic function in maintaining water balance 
some attention must be given to the manner in which it is token; 
that is, to the part which it plays in a process ns distinct from its 
nutritive nature. 

Reference has already been made to the response to thirst. This 
should be the main guide to the consumption of water and beverages 
both during and between meals. It is not ouiy imnecessfiry but may 
be harmful to drink large volumes of liquids between meals simply 
through habit or in response to fads. 

At meal-time, the consumption of anything but a moderate 
amount of water is a pernicious Iialiit l)ecause it is indulged in not 
for the satisfaction of thirst but for other non-physiologic purposes. 
The thirst should have been satisfied before coming to the meal, 
whether it be by the early glass of water before breakfast or the 
light drinks during the later morning or afternoon. To see a person 
drench himself with large glasses of water at meals is to witness 
a physiologic insult; the water consumed is far beyond what is 
ne^ed to satisfy the thirst and is usually taken to wash down 
poorly masticat^ food. The excess water disturbs the secretory 
activity of the stomach, especially if it is ice water; it dilutes the 
gastric secretions, and if taken at the beginning of the meal may 
alter considerably the emptying time of the stomach. In general 
it seems best th’at thirst should be satisfied before coming to the 
meal, and that only a moderate amount of water be taken during 
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tlie :iii<!(llc< and latter eoiiR»es of the meal, if at all, and even then 
not t<K) cold. Never iHc water to wash down food. 

Water enters into many proces*>cs that act as contrilmtinK causes 
of disease: as a vehicle for hulwtanecs ilissolvwl or suspended iu it, 
nater becomes an important factor in the natural history of a large 
number of intoxications and in all of the water-borne diseases; its 
physical qualities make it important in the heat regulation of the 
body; its presence in overwhelming amounts in the lungs restilts in 
slrowning. The discovery of Iwavj* W'ater is of profomwl interest 
to the physiologist and bio-cheinist and may eventually demand the 
serious consideration of the fwthologist. 

The role of water in many other mechanisms and processes is 
dlscnsscfl in subsequent csitegories. 
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THE NUTIUTIVE ELEJIEXTS IN HEALTH AND DISEASE 

(CONTINrED). 

PROTEINS. 

rROTOPL.\SM is largely inaile up of proteins; proteins are combina- 
tions of amino-acids; amino-acids are synthetic products of carbon, 
hydrogen, nitrogen, oxjgen, and often sulphur and phosphorus. 
Man is physiologically inc-a{)able of synthesizing proteins or amino- 
acids from the native elements. But given aminoacids in his diet 
he can, by combining them in various wajs, make protein and there- 
fore protoplasm. 

The variation in the qualities of <nfferent proteins is ace()unte<l 
for by the number and tvpes of amino-acids of which they arc 
composed. The tissues of the bo<ly var>- in their requirements of 
the eighteen or t\Yenty known aroino-acids and in order that this 
selectiveness may be possible, the simple and conjiigatetl proteins 
of the diet are hjdrolyze<l in the process of digestion into proteoses, 
peptones, polypeptides and the amino-acids. The latter are assimil- 
able, that is they can be absorlied by the intestinal mucosa, carried 
into the tissues and combined to make the specific forms necessary 
for each tissue requirement. 

The following table presents the list of digestive enzjmes which 
act upon proteins, the tissues ami secretions nhere the} are formed 
and the stages of hj drolysis winch they produce. A list of the known 
amino-acids is appended. 



Hydroltsis op Proteins. 


Enzyme: 

Formed in: 

Ach upon: 

Hydrolyzes to: 

Pepsin 

Stomach 

Proteins 

Proteoses 




Peptones 




Peptids 




Few amino-acid-i 

Rennin 

Stomach 

Casein 

Pejitone 


Pancreas 


Paracasein 

Tiypsin 

Pancreas 

Proteoses 

Amino-acids 

Erepsiu 

Small intestine Proteoses 

Amino-acids 



Peptones 




Amino-acids. 


Glycocoll (glycine) 

Tryptophane 

Lysine 

Alanine 


Histidine 

Aspartic acid 

Serine 


Valine 

Glutamic acid 

Phenylalanine 

Arginine 

Proline 

Tyrosine 


Leucine 

O.xyproline 

Cj’stine 


Isoleucine 

Norleucine 


( 01 ) 
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Assimilation of Proteins.— Tlie reduction of proteins also converts 
them from the iioii-absorhahle ciilloid state to the cri’stnllold nmiiio- 
ncids wliicli can jicnetrate aciiu-iwnnenblc membranes. It is a moot 
(lUcstion whether the rcsyntliesh of the proteins takes place within 
or outside of the capillary circulation. If without, it must occur 
in places where the permeability of the capillaries will pennit their 
passage throvjgh it anti the only places in wliieh this now seems 
possilile are the liver, blofxbforiiiinf: organs, spleen and intestinal 
mucosa. 

Some amino-acids ])ass through the liver and enter the pencral 
circulation of the bo*ly »nc]miipc*l and remain unconj'tiKated until 
they are hrouKht into contact with tissue cells. The importance 
of knowing where resyntbesis takes place lies in the fact that the 
colloid state of the proteins has an important bearing on the osmotic 
pressures within the csipillarics and tissue spaces. 

To tJitisfy tissue nocsis the protein intake must contain all, or at 
least all of the most important, amino-acids. It is not essential 
that each protein possess every known amino-acid (when it docs 
it is chUchI a complete protein) but that all essential amlno-aclds be 
rcprcsenttsl among tlicm. 

Daily Protein Requirement— The total dally protein requirement 
for man ranges from 1 to 1 J grams per kilogram body wciglit. This 
amount varies more witli age than with activity because the main 
use of protein Is as a tissue builder. In the younger age periods 
growth and development demand more of these tissue building 
l)lock3 than is rc(inin'il by those past the growing stage who only 
need to repl.ice (lcstroyc<l tissues. Selectivity goes on }iowe\cr 
throughout life because all tissues need replacement. Therefore 
there is a eemtinned need for a balanced, qualltathe protein diet. 

TJie caloric value of protein 13 4.1 Calories per gram. 

Tills energy in tlie i)rotein molecule is due in part to its carbo- 
hydrate moiety which amounts to 58 per cent of its weight and 
becomes available w’licn the molecule is broken down. (It is for 
this reason that the total glucose determination in u diet must take 
into (smsideration DS ]>er cent 1^' weight of the protein intake.) 

When protein enters into the processes of metabolism it not only 
supplies energy at the above rate but also stimulates tissue metabo- 
lism and thereby creates & greater demand for energ>’. Unless 
this energj" is supplied the demand becomes greater than the supply 
and the tissue suffers from a loss which is estimated to be 30 per 
cent greater than the energy brought into the process by the protein. 
This stimulating effect is termed the speciBc dynamic action of 
protein. It is evident therefore that a purely protein diet could 
never supply itself with enough energj' to maintain tissue metabol- 
ism. This may be expressed by sajdng "the more protein consumed, 
the more need to the consumer.” Such a procedure could never 
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reach a btate of tKiuilibrium. Tliere is at present no satisfactory 
explanation of this phenomenon and the specific dynamic action 
of protein remains an empiric obser\'atlon. 

Qualities of Proteins.— In discussing; tlie amino-acid content of 
proteins the complete protein was said to be one which possessed 
all of the amino-acids. An incomplete protein may possess rela- 
tively few of the essential amino-acids ami will tliercforc have Jess 
value as a tissue builder. Numerical values have been given to the 
common protein footls acconling to the positions which they occupy 
in a relative scale ba‘ied on the value of their contained proteins. 
This numerical position is called the Uiologic Protein Value (U.P.A’.) 
of the food. 


Btouxjtc Values or DirrEREvr Proteins, as Measured bv the Pebcentale 
Quantitt or Body Proteiv Which Their Isgestiov will Sp4be from 
Loss (Thomas.)* 


Oi meat lOt 

Cons’ milk 100 

Fish 05 

Riee SS 

CsuhSawer 84 

Crab meat 70 

Potatoes 70 

Cherty-iuiee 70 


Yeast 71 

Casern 70 

Nutro«c CO 

Spinacli 04 

Pena 50 

W’hcal Bour 40 

Corameal 30 


* Thomas, K. Arch. f. <1 ccs. Phi-siol . 210. 1000. Julius Sprinecr, Berlin. 


Metabolism of Proteins.— The pitKvsses of protein metabolism 
after absorption are those of selective synthesis by tissue cells and 
the breakdown of tissue proteins into simpler nitrogenous and non- 
nitrogenous waste products. Between the time of their absorption 
as amino-acids and elimination as end-products lies a complicated 
c\cle of resjTithesis and proteolysis. The intermediate products 
are alternately utilized in the metabolism of tissues and cells and 
liberated by tissue activity. They may pass back and forth in this 
way many times before they are eventually excreted as end-products. 
This reutilization of intermediate products continues as long as 
protein is presented to the bwly in the form of food (exogenous 
protein), or in tlie absence of footl, ai long a‘4 the body proteins 
(endogenous proteins) can be called upon without endangering the 
nitrogen balance beyond recoverj'. 

The first stage of intermediate protein metabolism probably occurs 
in the liver where the greater part of the proteins are deaminized, 
that is are separated into their nitrogenous and non-nitrogenous 
parts. From the former the plasma proteins, albumin, globulin 
and fibrinogen are formed by resynthesis; from the latter are 
obtained the carbohydrate and fatty acid moities (58 per cent and 
46 per cent by weight of the protein molecule respectively). Other 
non-protein nitrogenous intermediate products are also formed. 
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such «3 urea, uric acid, croatinine and an undetermlnwl nitrogen 
foin])oiient called “rest-nitrogen.” For the sake of visualizing the 
sul)«.eqiient processca they may l»e considered as taking place 
“beyond tiie liver,” that K in the hIoo«l plasma, tissue Huids and 
cells. Analysis of the protein changes in these locations reveals 
that tliey and their intermwh’nte products are in a continual state 
of fluv but one wliicb maintains an essentially relative equilibrium 
bctwi'cn its parts at all times. The serum proteins, the amino- 
acids ninch escaped donmimation in tlie h'ver and those ndiich Itave 
been formed fiy protcol\-}4s of tissues, tiic carbohydrate and fatty 
acid moieties, tlie entire protein-nitrogen and non-protein nitrogen 
com[jle.v, are hound together in the phiTiico-ehemical processes of 
osmotic pressure, nitrogen balance, acid-hase equilibrium and intra- 
cellular metabolism. IJiMm the mnmtenanee of this balance-in-flux, 
depends not only existence itself, but protection against a ivide 
range of patIiologic--physiologic disturlianccs from those of serious 
inqiort down to minor functional imbalances in its lesser processes. 

Since the body requires a resupply of exogenous protein for its 
enutinued e-xistciKH? and since this supply may vary quantitatively 
uml qualitatively v itli the foo«l, there must be constant adaptation 
of tlie mechanisms of protein mctalmlbm to this supply, Because 
the supply of protein may be defective and so lead to disorders of 
metabolism, tliis nutritive element may act ns a categorical cause of 
disease. 

Deficient Protein Intake.— There are a number of disease proc- 
es!>e.s iriiere a defective protein intake is involved, Jn infancy 
simple starvation readily results in a serious protein deficiency’. 
Tliis is especially true when the carbohydrate is low because of the 
"protein saving” quality of the carbohydrates. It has already 
shown how the proteins, through their specific dynamic action 
stimulate metabolism. Carbohydrates through their supply of 
energy conserve the energizing values of the proteins and permit 
them to fulfil their role as tissue builders. In the presence of a «lis- 
turbecl protein supply, or a relative disproportion between carbo- 
hy dratfs and protein intake when (he latter is low, rapid wasting 
takes place with loss of weight, inanition and edema, the latter 
resulting from deficient colloidal plasma proteins to hold the lluids 
in the blood-vessels. The same processes are concerned in the nutri- 
tional edemas seen in famine areas and among people of excessively 
low economic social status. Under all of these starvation conditions 
the nitrogen balance cannot be mamtainwl. 

Although the exact etiologic factors in pellagra are not known 
there h strong evidence that it is caused by a defective supply' of 
one or more nutritional elements. Of the various theories of its 
origin that of a dietary deficiency has feen most widely accepted. 
TOietJier or not it is due to a qualitative or quantitative protein 



defect, a vitamin, or an imbalance between several food elements 
must await further investigation. Although casein, a complete 
protein does not completely prevent the disease under experimental 
conditions, it modifies the appearance of the disease considerably. 
None of the known vitamins prevent it. Yeast in sufficient quan- 
tities will completely control its appearance but yeast is a complex 
substance containing proteins, vitamins and a possible further 
factor det.ignate<l by Goklbcrger as the IM’. factor. This latter 
has not been isolated or demonstrated independent of the other 
factors. The nearest approach, at present, to an explanation of 
pellagra is that it is due to a deficiency of some factor or factors 
closely associated with the proteins. 

Excessive Protein Intake.— An excess of protein intake in man 
appears to have no other effect than to increase nitrogenous elimina- 
tion. This applies only to those whose nitrogen metabolism mechan- 
isms are in normal equilibrium. The protective processes against 
permanent damage to the balanced state are apparently sufficient 
to care for all excesses which can be placed upon it, Of great 
interest is the alleged storage of protein in the liver in much the 
same uay that this organ stores carbohydrate as glycogen. This 
storage power is suggested by changes in the microscopic appearance 
and protein content of the liver colls of e-xperimental animals which 
had been starved and subsequently fed on proteins. E.\periments 
on humans in which protein intake and output have been carefully 
measured present evidence of the same possibility. 

There are many disease processes involving the intermediary 
phases of protein metabolism which are directly or indirectly 
affected by the q\iantity and quality of proteins supplied. 

Gout has been long bcliev^ to have some relationship to tlie 
consumption of large amounts of food especially rich in purin bodies. 
It is not now believed that this diet per se is capable of producing 
gout but the gout is precipitated or aggravated by an abundance 
of purin products. Where the primary fault lies is not entirely 
knomi but present evidence points toward the inability of the kid- 
ney to handle the uric acid and other piwlucts of protein metabolism. 

The thjToid is considered to exert some control over the storage 
of protein. ^lyxedcina is heiicved to be one of the evidences of 
this. There is doubt that the thyroid is alone responsible for tlie 
mobilization of proteins on demand but that the adrenals and auto- 
nomic nervous .system also participate in this function. 

It has long been empiric practice to give low-protein diets in 
nephritis. This is pro!)ably because proteins are involved in 
several of the deranged mechanisms of renal disease. The protein 
diet becomes important only in so far as some one or more of these 
mechanisms is at fault and produce such symptoms as edema and 
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TIIK NUTRITiVK KLKSIEiVTS IN HEALTH AND DISEASE 

(CONTINUEU), 

CARBOHTORATES. 

'J'hk f/jrboh.uJratca arc combinations of carbon, Jiy(Jrogcn arnl 
oxj pcn in wliicli the hydrogen mid oxygen are, with few exceptions, 
in the proportion to form water (HjO). Their general formula is 
LbI LflOfl . 

Tliey are fouml in the dietary of man as the Sugars and starches 
of his vegetables, fruits, Ikwcs, milk and riairy products, lioney, 
cereals, lircadstufTs, nuts, and an available portion of the proteins 
and fats of animal and vegetable fooils. Tlieir widespread occurrence 
makes them imavoKlahle even m the most bizarre diets of natives 
who apparently restrict themselves entirely to meats and fats. 

Aside Stdjjj tJjc rarijrJjydrate moiety proteins nmJ fnts the 
bulk of the carlmliyilrate intake is in the form of the polysacdiarich 
and disaccharids, that is, in combinations of two op more molecules 
of the monosacchnrfcU or simple sugars. 

AssiinlUtlon of Catboh7drates.~Tlic assimilation of the carbo* 
hydrates necessitates that they be in solution In the'digestlvc juices 
in a form that can pass through the semi-permeable membrane 
lining the digestive tract. The polysaccbarids are either insoluble 
in aqueous solution or are m the form of colloids and therefore 
cannot bo abwrbod as such oml tbe disacebarid molecule is too 
large for dialysis through the epithelial membrane. 

Since few of the carbohydrates of the diet are presented in the 
form of simple sugars (monosaccharids) there must be some meclian- 
ism providevi to reduce the poly- and disaccharids to an assimilable 
form. Tin's is accomplished by their h^xlrol^'sis under the action 
of the (lige.stive enzymes secret^ by the salivary, gastric, pancreatic 
and intestinal glands. 

Tile «>minon representatives of these classes of iijgars arc: 

I. Monosnceluirid$: 

Glucose or dextrose (grape sugar). 

Galactose (constituent of milk sugar). 

Levulosc or fructose (fruit sugar). 

II. Disaccftantis; 

Maltose (malt sugir). 

Lactose (milk sugar). 

Sucrose or saccharose (cane sugar). 

III. Pdi/saccharids: 

Starch. 

Pertna. 

Glycogen. 

(CSJ 
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In the li3'{IroIysis of the disaccliaricis, maltose produces two 
molecules of glucose; lactose breaks up into one molecule of glucose 
and one of galactose; sucrose jneWs one molecule of glucose and one 
of levulose. These end-products are soluble and dial^’zable. 

The hj'droh'sis of the polj-saccharids is more complex in that 
the\’ require the formation of intermediate products before the^' 
are entirelj' reduced to monosaccliarids. 

Thej' are converted bj* salivary and intestinal enzj’mes through 
the following stages: 


HroaoLTsia op Cabdoiitdrates. 


/Glucose 

/Maltose 

/ \Glucoac 


\ / 

\Erythrodettrin 


/Glucose 

sc 

\Glucoso 


/Maltose 


/Glucose 

\Glucoso 

/Glucose 


/Maltose 


/ 


/Glucose 

\Glucoso 


Erythrodextrin /Glucose 

/ \ /Maltose 

/ \ / \01ueose 

/ \Achro5dcxtrin 

/ \ /Glucose 

Dextnn \Maltoae 

\ \Glucose 

\ /Glucose 

\ /Maltose 

\ / \Glucose 

Achroudoxtria 

\ /Glucose 

\Mallose 

\Glucoso 


Digestion of Carbohydrates.— Tlie enzj’mes which hj'drolyze the 
carhofi^’drates are fisted be/ow, with the fissetes and secretions in 
which the\’ are found and the end-products of their activitj’ on their 
selective carbohj’drates: 


Enzyme: Formed by: 

Acts upon: 

Hydrolyzes to: 

Ptyalin 

(Salivary diastase) 

Salivary gland 

Starch 

Maltose 

Amylase 

(Pancreatic diastase) 

Pancreas 

Starch 

Dextrin 

Glycogen 

Sucrose 

Maltose 

Invertase 

Small intestine 

Glucose 

Levulose 

Maltase 

Small intestine 
and 

Pancreas 

Maltose 

Glucose 

Lactase 

Small intestine 

Lactose 

GUicose 
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Daily Requirement of Carbohydrates.— Tlic total carhohydrate 
reqiuremoiit of the hcxly is generally expressed in terms of glucose. 
Since proteins jield an amount of carlmhydrate kno\vn ns their 
carbohydrate moiety this must I* included in the total. Fats also 
yield an available supply. Woodyatt expresses the total glucose 
content of a diet by the following formula: 

Glucofo Cfl.rbohydr&U' + 06S Protein + 0.10 Fat 
(Q - C + 05SP. + 0.10 F.) 

Carbohydrates serve their greatest purpose to the hotly as 
source.s of energy, burning with a caloric yield of 4.1 calories per 
gram. If the supply of carliohydrates in the diet is withdrawn, those 
stored in the tis.suc3 and the available carbohydrate in the proteins 
and fats of the diet and body tissues are called upon to supply more 
energy. Such borrowing cannot continue for long and the mechan- 
isms of carbohydrate storage and u.se soon break down. Because 
the carbohydrate ri‘quirement \-arie3 greatly with the caloric 
demands of tlic entire botly the amount needed daily cannot be 
indicati'd in any definite numlier of grams per kilogram body weight 
ns with the proteins. 

Botlily activity and the amount of fat and protein in the diet are 
the important determiners of how much carbohydrate is needed. 
Basal requirements call for about 30 calories per kilogram of body 
weight but this may be doublotl under conditions of continued activ- 
ity. The nearest approach to an average consumption of carbo- 
liydrate In an average adult diet would be between 400 and 500 grams. 

Many factors enter to raise the total caloric requirement above 
the basal level. These are: age, sex, amount of work to be done, 
weight, state of nutrition, and climate. The carbohj’drate intake 
will vary therefore with tfie caloric demands due to these factors. 

Sources of Carbohydrates.— Tlie carbohydrate content of most 
foods lias been determined. Tlie following partial list from JosHn' 
shows the vegetables arranger! in tabular form according to per 
cent of carbohydrates: 

Veuet^bum (FnESH OB Oanhed). 

I~5ppr«ae. tOpertral iS per ten*. SO per tent. 


Lettuce Tomstoes 

Spinach Rhubarb 

Sauerkraut Eggplant 

8tr/iig-t«an9 L^k* 

(very young) Beet greens 
Celery Watercress 

Asparagus Cabbage 

Cucumbers Radishes 

Sorrel Knhi-rabi 

Endive Broccoli 

Dandelions Vegetable 

Swias chard marrow 

Sea kale Mushrooms 

Cauliflower 


Onioiu Green peas Potatoes 

Squash Artichokes Shell beans 

Turnips Parsnips Baked beans 

Carrots Limn beans Green corn 

Okra (very young) Boded nee 

XJeeta Boded macnroni 

String-beans Lima beans 

Brusseb sprouts 
Pumpkin 


I JosliQ, Elliott P • Tre.atmentotDial>etesMenilua, lithed . Philidclphia. Len & 


Fetiiger, 1037 
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Cabbortdrate Content or Fboits and Nuts (Coupiled From Various 
SouBcxs). 




1>5 per cent. 
Ripe oh>es 
Grapefruit 


iV-10 per cent. 

Lemons 

Oranges 

Cranberries 

Strawberries 

Blackberries 

Goose bemea 

Peaches 

Pineapple 

Watermelon 


per cent. 
Apples 

Apricots 

Blueberries 

Cherries 

Currants 

Raspberries 

Huckleberries 


20 per cent. 

Plums 

Bananas 


1-5 per cent. 
Butternuts 
Pignolias 


Nirra. 


5-10 pet cent. 
Brasil nuts 
Black walnuts 
Hickory 
Filberts 


to- IS pereeot. 
Almonds 
English walnuts 
Beechnuts 
Pistachios 
Pmenuta 
Pecans 


GcVBIl.AUUTtONS O.N OTHER FOODS 


20 per cent. + 
Peanuts 
Chestnuts 
(40 per cent) 


Shellfish— all less than 6 per cent 
Fuh— all less than S per cent. 

Meats— all negligible. 

Dairy products- all 5 per cent or less 

Cream arerage, 3 0 per cent, whole mdk. 3 per cent, skimmed milk, £ 1 per cent. 


The great variability in the caloric requirements makes it unneces- 
sary to figure any closer than 5 per cent limits in practical dietetics. 
Accurate determinations for metabolic studies and experimental 
investigation will necessitate reference to original food analysis 
tables. 

In refined calculations further consideration must be given to the 
availability of the ingested carbohydrates because all natural forms 
of sugars and starches cannot be prepared by the digestive processes 
for complete assimilation. The amount of cellulose in the whole 
food, the compactness of the small laminated starch granules, the 
water content, and the presence of pectin interfere with the proper 
break-up of the food in the digestive tract and the ease with which 
the enzjTnes, acids and alkalies of the digestive juices can attack 
the smaller food particles. Although boiling and cooking softens 
the food and in some instances carries the starches through the 
first processes of hydrolysis it never completely changes the entire 
food to a digestible form. Tliere is always left an insoluble or undi- 
gestible residue which is eliminated in the feces. In general it may 
be said that 3 per cent of the 5 per cent vegetables and 6 per cent 
of the 10 per cent vegetables is available. 

Sugars (and starches when they have been reduced to sugars) 
maj' undergo fermentation before they can be absorbed. This 
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Keiicrnlly takes place imdcr conditions tlmt will not permit tliem to 
he «s.similat«l, ht the time allotted for the amount mvolved, in 
their passage through the stomach and intestines. A largo bulky 
earbolij (Irate iiica! may pass Iwyond the action of the digestive 
juices before they liave had time to net on it; a smaller amount 
may be dcln>-ed in the stomach and there unciergo fermentation 
before it has readied the absorbing membranes of the intestine. 

Tlie precwHng discussion lias presented briefly tin* qualities and 
characteristics of tlic earlwliydrates ns they arc presented to tlie 
body for utilization. Further consideration of the processes which 
may interfere with tlieir utiliration will be given in the later clmptcrs. 

Metabolism of Carbohydrates.— After absorption, the three mono- 
sacclmrid sugars, glucose, Icuilosc and galactose enter almost 
immediately into the processes of metabolism. Glucose is by far the 
most important of the three for it is believed that Icvulose and 
galactose are converted into glucose on rcaclilng the liver. 

In the li\'cr, glucose jKirtakcs in the flrst energy exchange when 
it is converted into gljwgen. 'Jlie process by nhidi glucose is 
changed into liver glycogen (animal starch) is called liepatic glyco- 
gcue'‘is and is brought about by specific tissue enzymes. The main 
function served by this conversion is carboliydrate storage, from 
which glucose can he obtained as needed. The glycogen is stored 
within the hepatic cells and the total amount which they can accom* 
m(xlnto is between ISO and 200 grams. 

A small amount of the circulating glucose in the portal radicles 
is probably usod directly by the liver cells. This is accomplished 
by enzyme action which transforms the glucose (glycolysis) into 
hictic acid, COj and water. 

Wien tlic body requires carbohydrate, a reversal of the process 
of glycogcnesis occurs (hepatic glycogenolysis) in which the glycogen 
stored in the H%'er is coiivcrtcil again into glucose and discharged 
into the arterial circulation. 

I’p to this point most of the absorbed glucose has been utilized 
by the liver cither by conversion into glycogen or combustion by 
the hepatic cells. A small amount d<ie3 not become involved in 
these processes but remains in the circulation and b carried through 
the liver. I’his original alborfied glucose in the circulation is 
joined by whatever glucose has Irecu formed from liver glycogen. 
These mixed glucoses are then carried to the body tissues. 

In the tissues the glucose brought from the liver (hepatic glucose) 
i^again converted into glycogen (tissue glycogeiiesi-,). This second- 
ary storage is most pronounced in the muscles. ^ 

A second glycogenolysis takes place m the tissues (tissue glyco- 
genolysis) by which the tissue glycogen b reconverted into glucose 
and becomes available, by reduction (tissue glycolysis) for tissue 
use. This roundabout use of the hepatic glucose seems to be neces- 



CARBOHYDRATES 


73 


sary because of some peculiar property whicli it possesses wliicli 
does not permit it to be used directly from the blood. 

It has been stated above that glycogenolysis occurs as carbo- 
hydrate is needed. TJie controlling mechanisms of carbohydrate 
metabolism rest on tliis fact; t. e., the storage and liberation of car- 
bohydrates in the liver and tissues is regulated in response to phj'sico- 
ehemical demands that are in turn dependent upon the carbohydrate 
supplies of the bo<ly. The nature of this mechanism is evident but 
the full explanation of its processes vs not yet possible. 

Insulin.— Before discussing what is known of the adjustments 
by which carbohydrate equilibrium is maintained attention must 
be drami to the role of insulin, the internal secretion of the islets of 
Langerhans of the pancreas. 

Insulin acts primarily by inaugiu^ting the conversion of circulat- 
ing hepatic glucose into tissue glycogen (tissue gl 3 'cogenesis). It is 
also probable that it is instrumental in hepatic glyeogenesis. 

In the normal subject the stimulus to the secretion of insulin 
seems to be a higli blood-sugar level. It is believed that hj'perglj'- 
cemia stimulates the islands of Langerlians directly to produce 
more insulin, but there is also evidence that there is some nerve 
stimulation through the '"agi. Cannon docs not belie\e that this 
latter is necessary but at the same time does not imply that it is 
qseless. 

The operation of the mechanisms of blood-sugar level maintenance 
can be followed best b\- studying the effects of a heavy carbohj’drate 
meal. 

In the normal individual, ingestion of 500 grams of glucose 
results in the rapid absorption of this readily available monosac- 
charid and its transportation by the portal circulation to the liver. 
In the liver glyeogenesis takes place immetliately but this process 
cannot keep pace with the demands and the excess overflows into 
the arterial circulation and is carried around the bodj’. Cannon 
believes that a considerable quantity of such glucose is deposited 
in the skin without undergoing chemical change. The first measur- 
able result of this flooding of the arterial blood is to raise the blood- 
sugar level. This normally ranges between 0.09 and 0.120 milli- 
grams per 100 cc. of blood. Under sudden carbohj'drate excess it 
rises to 0.160 or 0.170 mg. per cent which constitutes hj-pergij’cemia. 
The hj’perglj'cemic hloofl now* apparently' stimulates insulin produc- 
tion and this hormone in increasing amounts in the blood causes 
the circulating glucose to be converted into tissue glycogen. Tliis 
means sugar loss from the blood and a consequent lowering of the 
blood-sugar level. At the same time circulating blood sugar is. 
carried through the liver where hepatic glj’cogenesis causes further 
retluction of the blood-sugar level. I^Iuscle activ'ity and other 
tissue needs consume the tissue gK'cogen and this loss restores the 
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wirboliyilrntc bnJnHf-o normal anij the hlofxJ-sugar level to its 
normal ranRc. 

Effects of Disturbed Carbohydrate Utilization.— Fasting results 
in verj’ little measurable change in blood-sugar level because lack 
of carbohydrate coining from the intestine is made up by the release 
of glycogen stored in tlie liver and muscle. As long as the use of 
the.se reserves coiitiiuiea the Ixxly can also call upon the proteins 
and fats for their share of carbohydrate-forming elements. Each 
of these processes is competent to maintain the blood-stigar level 
for n limited period of time. The factor that determines the final 
breakdown of tin’s mechanism is depletion of the glycogen reserve 
and tlic harmful cfTicts of deranged protein and fat metabolism. 

Fat is syntlicsizwi in the boily by conversion from the carbohy-' 
drates and the combustion of fat is dependent upon the oxidation 
of sugar. Tills is given common cxpre.ssion in the saying, “The 
fats burn in the fire of the carimhj-drates." 

If the carbohydrate supply in the diet is inailequate or not utilized 
the call upon the fats nn<l proteins for their carbohydrate content 
exhausts these available cnergj' resources of the body. Incomplete 
combustion of the fats then occurs witli the formation of poisonous 
^-oxj'butyric and accto-acetic acids; the acids of acidosis. 

The carbohyilrate mechanism operates continuously in the body 
economy. It participates in the balances between the cellular com- 
ponents and their complic<ated internal and c.xternal environments, 
and it is manifested in the reactions between cells, tissues and organs 
far separated from each other throughout the body. Man^' labora- 
tory ami clinical procetlurcs reveal cross-sections of these events 
and from them interpretations are made of what is taking place at 
tlie point of investigation and nn understanding of the normal and 
abnormal processes of carboliydrate metabolism is gained by piec- 
ing them together. 

Diabetes melUtus is the e.x.anjple par excellence of this procedure. 
In it the results of imbalances in the mechanisms are clearly seen, 
but the total picture is obscured by the Inability to trace the forces 
responsible for the imbalance back to their origin. Insulin therapy 
lias not solved the problem of diabetes; but it has pressed tlie prob- 
lem back to the causes of insulin deficiency. 

Alimentary glyeostins is not an inevUah^ result of overiJidulgence 
in carbohydrates and its appearance in certain individuals under 
certain circumstances canuot be explained alone by saying that 
there is a low carbohydrate (sujpr) threshold in tlie kidney. 

One hundred and eighty milligrams per cent of sugar ui the blooii 
is no more a fixed point at which sugar must overflow through the 
kidneys than many other rekative standanls. Rarely, if e\er, can 
the blood sugar of a normal individual bo elev’nted to this point and 
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^\'hen it is there must be a strong suspicion that some factors other 
than excessive carbohydrate intake are at work. 

On the other hand a spill-over resulting in glycosuria at blood 
sugar concentration less than 180 mg.Js probably abnormal. The 
situation is only further masked when stress is laid on the conception 
of a renal threshold for sugar for it still remains unproven that there 
is such a thing as a true renal threshold. 

From these few indications it is evident that the carbohydrates 
can initiate abnormal processes. 

Even before absorption, the carbohydrates in the food can be 
influenced by other categorical factors with the production of abnor- 
mal changes such as excessive fermentation. Such an effect is seen 
constantly in the fermentative dyspepsias. 

After absorption a still larger number of causative factors may 
become involved because of tlie many opportunities presented for 
them to act. Thus hereditary factors may operate in the mechan- 
isms of diabetes; infection can piwluce changes in tissues where 
some phases of carbohydrate metabolism are taking place; psycho- 
biologic and bio-social factors can operate through the nervous 
system and glands of internal secretion to derange balances of glyco- 
genesis and glycogenolysis; certain chemicals and poisons possess 
the power of influencing carbohydrate usage: traumatism of a 
demonstrated area of the mid-brain results in hyperglycemia. 

The interplay of the primary categorical causes must ultimately 
explain the entire picture of normal and abnormal carbohydrate 
metabolism. 

The prevention of disease conditions which arise from errors of the 
carbohydrate supply and its primary utilization should be highly 
practical. Prevention of more serious derangements of carbohydrate 
metabolism such as diabetes, can unquestionably be solved when 
more is kno^-n of their natural histories and nil the factors involved 
in their etiology. 
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Tin-: NUTRITIVE ELEMENTS IN HEALTH AND DISEASE 
(CoiNTiKijr.n). 

PATS. 

Fat is n coinpoutid of c.irI)on, liytlropcn and o^-Ren in whicli 
tlic carlion nnd Itydrogoii nre not tii the jiroportioii to form w.ater, 
and arc in a liiRlit-r relative proportion to the OTypen than in tiie 
cnrhohydratcs. For the latter re.asoii it Inirns with an energy value 
over double that of the sugars niul starches, each gram yielding 
O..*! Calorics. 

It is presented to the body in animal and vegetable foods and 
the fats from both elasst-s of food arc etjually elfective sources of 
energy. I'he natural foods contain fats largely in the form of neutral 
fats but also as fatty acids nnd cholesterol. 

The total fat content of some common fooils is listed below.* 


Crrenlt. 

IVrrrn. 

Oairy protliiclt. 

Per cent. 

Wheat and barley flour 

1 0 

Cgcs . . . 

0 5 

Oatmeal 

6 0 

Milk 

3 7 

Harley meal 

2 2 

Dutier 

85 0 

Hire 

0 3 

Cheese 

30 (1 



Margarine 

81 6 

Meal. 

Per rent. 

.UMcr/ioarous. 

Per «nt 

Ilecf 

. 22 5 

Lard 

04 0 

Veal 

8 3 

Frreb fruits 

. 0 4 

Mutton 

24-30 

Nuts 

22.8 

Bacon 

CO 0 

Potatoes 

0.1 


31 0 

SbcUed peas and beans 

0 5 

Poultry and game 

0 3 

Dried peas 

1 3 

Pish (frfsli) 

1 0 


34 0 


Olive oil 

100 0 


Foods Richest in Cholesterol nre: 

Egg yolk, brain, fats, cream butter, pork, bacon, liver, kidney. 

Digestion of Fats.— The fats, like the proteins and carbohydrates, 
must first be prepared before they can umlergo absorption through 
the semi-permcnble membrane of the intestinal tract. 

Most of tlie fat in the dietary is freely a\-ailable and the ordinary 
processes of mastication and gastric activity prepare the bolus of 
food for immediate action by the intestinal enzymes. 

The final forms to which they must be reduced for absorption 
• Wright. .Samson Applicit Pln"<iolosy. Oxford University Press, 19 «. 

(70) 
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arc fatty acids and glycerol. Cooking aids sliglitly in hydrolysis 
and a small amount of rcthiction takes place in the stomach. TIjc 
active process, hon’cver, is limited almost entirely to the mixture 
of secretory products present in the upper intestinal tract and 
known as succiis enteriens. In this flux, the fat is hydrolyze<l by 
the pancreatic enzyme lipase with the aid of the alkaline juices 
and the presence of bile. In this hydrolj'sis 1 molecule of neutral 
fat is reduced to 1 molecule of glycerol and 3 molecules of fatty 
acid. In the process each fat globule comes in contact with the 
alkaline bases of the sneeus enterieus and its lipase content. The 
fatty acids, formed by the action of the lipase are saponified by 
the alkaline bases and a tliin layer of soap is formed thereby on tlie 
surface of the globule. Emulsification of the whole fat mass results 
from the eventual saponification of the individual globules. The 
bile in the succus enterieus brings water into the reaction by its 
bydrotropic effect and so dissolves the fatty acids and soaps and 
acts as a diffusing agent. The saponified fatty acids of each globule 
are now soluble and can penetrate the lining epithelium of the intes- 
tine. As the fatty acids are removctl from the surface of the globule 
the lipase can act on their rcnewe<l surfaces to form more fatty 
acids and continue the process. In the absence of pancreatic iulce 
about 50 to 80 per cent of the fat is lost in tlie feces. Wien bile 
also is absent 80 to 90 per cent is lost. Although hydrolysis can take 
place without the presence of bile, absorption is lowered because 
of loss of the diffusing power of the bile. Cholesterol may bo ab- 
sorbed directly by entering into solution with the bile salts. The 
absorbability of fats in general is in proportion to their solubility in 
bile salt solutions. 

Any alterations In the bile content of the small intestine will be 
seen therefore to exert a strong influence on fat digestion. A com- 
pensatoiy mechanism is present to assure the presence of bile during 
fat digestion. Either some component of fat acts directly on the 
sphincter Oddi of the ampulla of the common duct and causes it to 
relax and allow the flow of bile into the intestine, or the fat moa! 
causes the liberation or formation of some secretory product of tlje 
intestinal mucosa which can bring about the same results. 

AssimilaHon of Fats,— Absorption of soluble fatty acids, soiips, 
cliolestero! and glycerol takes place directly through tlie epitlielial 
cells of the intestinal vjlH; that is, these products actually enter into 
the cell bodies. Within the cells the absorberl materials are resyn- 
thesized to neutral fats. The exact processes involved l)etween 
resyj5thesis and tlie appearance of fat globules in tlie lacteals are 
not known. Present interpretation inclines toward the belief tljat 
the fat accumulated in the cells of the villi is discharged into the 
tissue spaces where the globlets are p)jagoc>'tized by reticulo- 
endothelial cells and they are then transported within the.se cells 
to the lacteal? and are subsequently liberated into the lymph to 
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form the milky fluid of the lactcals and thoracic duct known as 
chyle. That syntliesis must have occurred is evidenced by the 
preponderance of neutral fats in the cJiyle whereas it is known that 
the fats ore not absorbable by the mucous membranes. Cholesterol 
apparently parses through this cellular activity unchanged. 

'J’hc chyle of the lacteals is carnwl forward to the thoracic duct 
and emptied into the venous circulation by the pumping action of 
the lacteals, intestinal movements, intra-abdominal pressure 
changes during respiration, and a negative pressure in the great 
venous vessels into which the thoracic duct empties. 

The fats are absorhed slowly from the intestine as shown by the 
fact that the lipoid content of the blood does not reach its maximum 
until six or eight hours after the ingestion of a fatty meal. 

The following lipoids arc found normally in the blood: 

1. Neutral fats (trlglyccrhls) ns fatty acid compounds in the 
plasma anti cells. 

2. Tree cholesterol. I-argely absorbci! as such from tlie foods but 
some resulting from tissue I»rcakdown. 

.1. Cholesterol esters (cholcsterlds). Cholesterol combinations with 
fatty acids. 

4. Lecithin (phospholipin). Fatty acid (stearic acid) plus IIjPOi 
and choline (a nitrogenous constituent). 

Metabolism ol Fats.— 'Hie norm.-tl blood cliolesterol Is placed 
between 140 and 200 mg. per lOOcc. of blood, of which 50 to 75 per 
cent is in the form of esters. It is probable that cholesterol derived 
from endogenous sources is a metabolic end-product. Its ultimate 
fate is unknown and there Is no evidence as to how it is eliminated. 
Even the cholesterol discharged with the bile is largely reabsorbed 
and reutilizecl, only a small per cent being lost in the feces as 
copTosterol. 

The postabsorptive blood level of cholesterol b little affected 
by the amount of fat consumed. IMiat little rise there Is seems to 
be largely accounted for by an increased flow of bile initiated by the 
fat meal and a con'.eciuent reabsorption of more cholesterol. Leci- 
thin restores its normal level eight hours after a heav’j' fat meal. 
The actual dis.'ippearancc of cholesterol and neutral fats from the 
blood is probably brought about by tissue activity, especiall}’ in the 
liver and the tissue-fat deposits. Cannon believes that it is always 
bj’ segregation, that Is, ceTliflar activity, and never by inundation 
as is the case with water and sugars. An enzjTne has been postu- 
lated for tJiis exchange but never demonstrated. 

The depot fat of adipose tissue b 90 per cent neutral fat and is 
obtained from the fat of food and by synthesis from the carbo- 
hj drates and the carbohydrate fractions of proteins and fats. 

The liver is 3 per cent fat and apparently performs a definite func- 
tion in fat metabolism. E.xpcrimentation hidicates that this is of the 
nature of desaturation. This implies that the fats must be brought 
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to the liver to be desaturated before they can be utilized for energy. 
In this connection Bloor' believes tliat lecitliin is the form in which 
fat to be utilized is transported about the body. He points out 
that lecithin is the only non-toxic compound of the fatty acids which 
can mix with water. 

I^Tiy and how fat is released from storage is not known. Kastle 
and I^evenhart* favor the view that it is a mechanical reversible 
enzyme action in which the enzyme is activated or inactivated 
by a high or low blood-fat level respectively. 

Fat must be burned for the release of its energy. In the section 
on the processes of carbohydrate metabolism it was indicated that 
the fats burned only in the presence of an adequate amount of 
carbohydrate. Because incomplete combustion of fats results in 
the formation of poisonous ketone bodies (beta-oxybutyric and 
aceto-acetic acids) and reduction to or below this stage depends on 
a necessary amount of carbohydrate consumption the ratio between 
the fats and carbohydrates is referred to as the ketogenic-anti- 
ketogenic ratio. Actually it is the total fatty acid-total glucose ratio 
and is expressed as a fraction of fatty acids over glucose. Ketone 
, j. I X I molecules of “anti-ketogenic” substances 

bodies accumulate when — >— nr-: — lt 

molecules of ketogemc substances 

equals more than 2. 

To make sure that this ratio in the diet is not more than 2, the 
total fat intake should be Jess than the sum of twice the carbohy- 

p 

drates plus one-half the proteins (F » 2C -f ^). The average fat 


in the adult diet of 3000 calories is 70 to 1 00 grams a day. 

Effects ot Disturbed Fat Metabolism.— The pathologic physiology 
and pathogenesis of a number of disease conditions reveal disturb- 
ances in the storage and use of fat: in atherosclerosis there is an 
increasetl amount of fat in the arterial walls without any demon- 
strable increase in the blood cholesterol level except in the aged; 
xanthomatosis is generally associated with a hyperlipemia and 
this in turn is most commonly observed in long-standing cases of 
ol^tructive jaundice, nephrosis and diabetes, or it may occur idio- 
pathically; fatty degeneration of almost any tissue shows a “settling 
out” of fat particles, tliat is, they become stainable by osmic acid 
which is not true of the fat content normally found in healthy cells; 
the blood-cholesterol in nephrosis is not infrequently as high as 
500 to 700 mg. per 100 cc. and it has been pointed out that this 
increase is directly proportional to the increase of serum albumin. 
The suggestion is made that this may be a response to maintain the 
osmotic pressure within the blood-vessels. Cholesterol esters are low 
in many hepatic diseases, supposedly indicating an impaired activity 
of cholesterol esterase in the liver; gall stones may be composed 


> Bloor: Physiol. , 2, 106, 1922. 

* Kastle and Loevenbart: Am. Chem. Jour., 24, 491, 1920. 
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nltnost entirely of cliolesterol liut there is no jiibtlfication for nssnni- 
MiK Hint they originate from a liiffh hloml cholesterol; Schnller- 
Cliristian tlisease shows lo(stli7c<l xantiHnnativ an<i a hypercholcstcr- 
• t’liiia, the causes of «hleli are not known; immunity and suscepti- 
bility to infection arc allegcfJly Iiound up witli cholesterol increase 
or decrease respectively. 

It must be ndinittwl that little is known of the role of the fat 
mechanisms in most of thost* tli*.cases where it seems to be ins'olved. 
Almost notliiiiR is known of the end of the cycle of fat usage and 
sery little more about the intenne<Iiatc mcclianisins. In none of 
the diseases mcntionctl nlmve can s>ntisfactory causal relationship 
be demonstrated betwtxm the findings and the processes of fat 
metabolism. 

The relatively constant lipoid level of the blowl, the actively 
inohilc storage depots at various selective points in the body, and 
the remarkaliie tonservntion of Idle salts and eliolesterol in the 
biliary eyele, are suggestive tlmt the fat mechanisms are as liighly 
or more highly complfcatcrl than those of the carbohydrates. It 
is certain that the present evidences of deranged mechanisms con- 
.stitutc blit a small part of what will ultimately be revealed. 

Tlie importance of an ntl«iuate amount of fat in the diet may 
be shown In a summary of its functions: 

1. Fats aiv essential parts of all cells. Although they may be 
synthosirtxl from earliohyilratcs this source cannot substitute 
indefinitely for exogenous fat. 

2. Fats arc potent sources of energy. Their storage from food 
fats under normal conditions, and their synthesis when fat is un- 
available, indicates that this laying-by is an important mechanism 
in the body economy. Fats nlw act as protein sparers w’ith but 
little loss of energy since their specific dynamic action is only C per 
cent. 

3. Fats stimulate bile flow wliicli is important in ineclianisms 
other than their own hydroh.sis and absorption. 

4. The neutral fats are sources of some of the vitamins. 

Categorically, fat defects in the food supply can result in derange- 
ment of siibseipient fat mccbaiiisnis. Fat indigestion is a common 
occurrence and in most instances must be attributed to abuse of the 
fats themselves. It results largely from the e.xcessive intake of fats 
and their influence in vlclayiug the emptying time of the stomach. 

.\IthoUgh there is little on whicli to base the belief that exress 
of fat may result in inetalwlic diseases, ignorance of fat metabolism 
in general fora*-' an open iniml on tlie subject. The .sclerotic changes 
in the vessels of diabetic subjects is alone enough to justify serious 
c onsideration of tliis whole question. It may also he worth while to 
in\e.stigate the r5Ie of fat derangements in the so-called idiopathic 
or normal ketonuria of infants. 
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THE NUTIIITIVE ELEMENTS IN HEALTH AND DISEASE 
(Continued). 

INORGANIC SALTS AND MINERALS. 

The mineral constituents of the body are distributed dispropor- 
tionately among the tissues in response to different tissue needs. 
It lias only been by careful quantitative analysis of the many tissues 
and organs that an idea has been gained as to the actual amount of 
eacli in the entire body. 

The stay of a specified amount of a mineral at any one place is 
probably very temporary because the molecules are constantly 
being transported, the rapidity with which tlicy are moved depend- 
ing on the functional state of the process in which they are involved. 
As with water and other nutritive elements the molecules are event- 
ually caught in some secretorj' or excretory mechanism and lost to 
the body. The storage reser\'es of the mineral elements are quite 
meager, with the e.xception of calcium and pliosphorus, and their 
loss must be made up from the outside, that is, through the food 
supply. For this reason the body is probably always dealing witli 
changing amounts of the minerals and estimates upon them cannot 
be too rigidly defined. 

The total mineral content of the body is estimated at an average 
of 4.3 to 4.4 per cent by weight. The minerals exist as organic and in- 
organic salts, acids, bases, free electrolytes, and in complex organic 
combinations. When they undergo transportation they may be car- 
ried in solution or in suspension in fluid media or within migrating 
cells. Even when they are contained inside of cell membranes they 
are probably not static but are being moved about in the processes 
vel'i TnetTiV3o\i3TD. iTrespecVtve xA ■wherc \lney may te iwand 'VVity 
are intimately connected with the body fluids, whether circulating, 
inundating or intracellular. 

The metabolism of minerals depends largely on physico-chemical 
processes. The most prominent of the latter are those which depend 
on whether the mineral combinations are in the electrolytic or 
colloidal states. As each mineral elenient passes through the body 
it is constantly brought into situations where its use tlepends upon 
whether it can pass through a semi-penneable membrane. Upon 
the permeability of the minerab rest many of the mechanisms of 
health and disease: it is of the greatest importance in the economy 
6 ( 81 ) 
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of the iiKli\i(lual (t-ll in tvlatiuii to its envIronmcKt; it manifests 
Itself in the <listiirhe(l states of tissue and ci-Il readjustments in 
disease prowsses that affect the jK^micability of ineinhranes, the 
roiicvntration of electrolytes, and the physical state of the colloids. 
The behavior of the sulwtanees on either side of a semi-permeabic 
membrane, by wliieh they bring about molecular balance between 
them, is represented by Donnnn's Law of Equilibrium. (For an 
excellent chieidation of tins law the reader is referred to Trumper 
ujid Caiitarow 's “Ilioelieinistry in Internal Medicine,” W. B. Saun- 
ders Company, 19.12). 

Sixliuin, potassium, calcium and chlorine (as the chlorides) are 
the elements entering most largely into the osmotic balances and 
acid-base equilibriuin of the iKxly. Sorlium is the predominating 
base in tlie fluids outside of cells and potassium is predominant 
within the cells. Clilorine is present as the chloride radicle of both 
.sfKlium and potassium salts (and in combination with many other 
ions ns organic and inorganic compounds) and therefore partici- 
pates in many extra and intracellular reactions. 

Sodium and Chlorine.— A brief consideration of the combination 
of sodium and chlorine as so<lium chloride will reveal many of the 
processes dependent ujjon the supply of these two elements in the 
tissues and in the foo<!. 

The vwerage diet contains an amount of sotiivjm chloride greatly 
ill excess of the body ncctls. The estimated dallj requirement to 
make up for excretory lobs b 1 to 2 grams wliereas the average daily 
consumption is between 8 ami 10 grams. pA’idcntly there must be 
some gross mechaiiisni by which tins overabundant supply is cared 
for because tlie sodium cliIonMe content of the great fluid matrix, 
the blood, remains relatively constant at all times. fVJiole blood 
lias between 450 and 500 mg. of so<li«m chloride per lOO ec. and this 
can be little changeil by excess or deficiency of salt (NaCI) in the 
<lict unless it is continued over a long period of time. This fine 
adjustment appears to be dependent upon a coarse adjustment 
outside of the circulating iliiids. All of the evidence points toward 
a storage and excretorj' lialanec, the storage taking place largely 
in the subcutaneous tissue (but also in other tissue-space fluids) and 
the excretion being cared for in large part by the glomeruli of the 
kidnej-s. In both there is an intimate depcndenc-e on the water 
supply and the mechanisms of water and salt equilibrium are looked 
upon as being similar in many respects. 

On the tissue side there is, according to Cannon, a manifptation 
of his principle of Inundation. According to this, the salt Is taken 
out of the circulating fluids and put into the slow moving, almost 
stagnant tissue fluids in selected areas. Tlie primaiy factor influenc- 
ing this exchange is a demand for molecular equilibrium betvyeen 
the two fluids and their erystalloid-colloid contents. This again is 
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evidence of osmotic balance or Ponnan’s equilibrium cacross semi- 
permeable membranes of the tissues involved. Since water is 
essential for the process and since the water content of plasma and 
tissue fluids has been showm to be variable, the water and salt 
exchanges must be interdependent. An excess of water over salt 
in the tissues will result in the flow of water from the tissues in ex- 
change for salt in the plasma. An cx«»s of salt in the plasma will 
have the same effect. If for any rcason, there is an excess of salt or 
water brought to those areas in which inundation chiefly occurs 
there will be an adjustment to correct the imbalance and salt storage 
or withdrawal will take place to meet the situation. This exchange 
must go on constantly. Tissue fluids are never entirely stagnant 
and other processes of cellular metabolism in the inundated tissues 
are always demanding salt and water. Storage is therefore only a 
relative conception and it is the Mai chloride content of the body 
that must be taken into consideration for a proper understanding 
of the sodium chloride storage mechanism. 

At the excretorj’ end of the mechanism tlie capillary tufts and 
epithelium of the glomeruli, and the cells of the urinary tubules 
of the kidney show selectivity for ions of solutes brought to them. 
Kor sodium ions, an excess of 0.3 per cent in tlio solution results in 
their passage through the excretory* apparatus of the kidney and 
their elimination in the urine. In their passage donn the urinary 
tubules they are reabsorbed by the epithelial lining cells when their 
concentration in the urine is the same as that in the blood. 

Tliis is evidence of conser\'ation of sodium chloride and It prob- 
ably takes place in health only when conserv’ation is necessary. 

Sodium and chloride are also lost to the body through sweat, 
tears, gastric juice, bile and intestinal mucosa. E.\cept for those 
situations in which the loss is irrevocable as in tears, sw’eat and 
feces, there is evidence of reabsorption. The bile and pancreatic 
juice together contain as much sodium as the blood plasma and a 
considerable amount of this is conser\'etl under normal conditions 
by reabsorption. Gastric juice requires chloride for its manufac- 
ture but in this process also some of the chloride is eventually 
salvaged. In pathologic states large quantities of both sodium and 
chloride may be lost through rapid elimination by vomiting, purga- 
tion and sweating. 

Deprivation of salt (NaCI) intake results in lowered salt content 
of the materials coming from the intestinal lymphatics. This dis- 
turbance is carried to the liver and then to tlie general circulation 
and is perpetuated as long as the adjustment mechanisms are unable 
to cope with it. When the deficiency is so great as to be unadjust- 
able w'ithin the supply itself the disequilibrium must be cared for by 
drawing upon the salt storage, and conservation through diminished 
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cliiiiuintion. Tlic latter occurs automatically when tlie plasma 
content of Nn ions falls Mow 0^ per cent. 

Prolonped (ieprivation may result In serious consequences because 
of the uithdrawal of NaCT from the tissuc.s (GO to 90 per cent of the 
tissue loss is from the skin). Diuresis by tlrugs only adds to the loss 
and is therefore contrainelicatal under such conditions. 

It Is possible to produce excessive salt absorption, especially in 
children, which results in n condition known as "Salt fever." 

The combined regulation of salt and water intake is indicated 
in some forms of nvenveight. This has its practical application in 
w eight-reducing diets to Ikj discussed later. 

Sodium is present in the IxkI.v in ctimbination with many ion 
radicles. As NallCOj, Nailll’O,, NallsrOj, it is concerned in the 
acid-base regulations in which it keeps up a constant interchange 
of its acid and alkaline etunponents. The sodium ions are readily 
intcrclmtigeable with many others .«« that that which was originally 
ab-^orbed as sodium chlorule may soon after absorption become a 
carbonate or phosphate. TliK inferweaves the two processes of 
osmotic pressure aJicl acid-base balance so inextricably that they 
cannot be conceived of in tiro os independent mechanisms. Thus 
the homeostasis of one clement in any one of its mechanisms is a 
function of the homeostasis of the bexly as a whole. TliLs same 
principle must apply in thcdistmssion of everj* other mineral element. 

The main source of sodium and chlorine in tl)c diet is in the fonn 
of their simplest combination as common salt or sodium chloride 
(NaCl). The sodium content of the main food sources of this ele- 
ment estimated as parts Na^ per 1000 parts of the dried substance 
are: 

Beef, 3.0; milk. 1.10; jOTtatocs, 0.3; wheat, barley, rye, 0.1 to 0.4; 
peas, 0.2; beans, 0.12; apples, 0.1 ; rice, 0.03.‘ 

The chlorine ismtents are: 

Cows’inilk, I.Gn;whifeofcgg.l-32; beef, 0.28;potatocs, 0.13. The 
amounts in other foods are negligible in relation to the bulk in 
which tliey are consumetl. 

Potassium.— Potassium is the element of greatest importance 
within tlic cells. It is the only radio-aeti\c clement of the tissues 
an<I thi.s quality may l)eof extreme importance in certain physiologic 
and pathologic conditions. 

There is apparently no demonstrable storage for potassivuu other 
tlian that represented by its combinations within tissue cells. In 
order to reach the cells however it must have existed in the circulat- 
ing fluids and that this b so is shown by its presence in the blood 
and its active participation there in the acid-base mechanism. But 
it is only w'ithin the cells that it reaches its necessary concentration. 

> Fncdenwiltl-Iluhriib- Dret in Health and Diacaso. PhiiadclpUa. W. B. Saun- 
deri Company. 1922. 
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This concentration depends on the passage of electrolytes through 
cell memhranes, retentloir of colloids (albuminoids of the plasma 
and intracellular combinations) and other as yet undemonstrated 
factors which in all likelihood are part of the changing metabolic 
conditions of the cell protoplasm and its membrane. Intracellular 
potassium is the main alkaline buffer against acid tendencies pro- 
duced within the cells by metabolic activity. 

Potassium is constantly being lost by its liberation in the break- 
down of tissues and its subsequent elimination through the kidneys. 
Starvation results in a gradual depletion of the protein content of 
cells and it appears that with this diminishing protein there is a 
loss of potassium to maintain the balance beta'cen them. 

Potassium is of special value in the contraction of muscles, and 
is joined in this function by sodium and calcium. It is also believed 
to be one of the media through which vagus stimulation affects the 
contraction of cardiac muscle. 

The average intake of potassium in the diet is 2 to 4 grams, 
obtained largely from the animal and vegetable foods. 

Parts of KjO per 1000 of the dried food substances are: Potatoes, 
20 to 28; strawberries, 22; b«ins, 21; beef, 19; milk, 9 to 17; oats, 
wheat, barley, rye, 5 to 0; rice, 1.* 

The exact amount of potassium required per day cannot be given. 
It is ver>’ unlikely that it can be taken in harmful amounts in even 
the most e.ttreme types of diet. 

Excessive intake may temporarily elevate the blood potassium 
concentration but this is soon reduced to normal (19.5 mg. per 
100 cc. serum) by being taken up by the tissues. The physiologic 
limit of intake has not yet been definitely determined. In health 
no serious harmful effects have been observed even in daily amounts 
as high as 50 grains. 

The evidence that there is a mutually adjustable ratio between 
the amounts of sodium, potassium, calcium and magnesium in the 
total base of the body probably explains in part why wide ranges in 
the amounts of sodium and potassium consumed do not produce 
more harmful results. 

Calcium.— Calcium is one of the most widely distributed elements 
in the body and is probably found in every tissue. This is a general 
indication of diversified function. In the bones, as CaO, it consti- 
tutes between 270 to 500 parts per 1000 of the fresh substance; in 
the muscles, 0.9 to 0,18; nervous tissue, 0.03; liver, 0..3G to 0.03; blood 
plasma, 0.00 to 0.08. In the normal blood it a\’erages 10 mg. per 
100 ce. 

Knowledge of calcium metabolism is limited to a few estimations 

• Frledenwald-tluhr'ih; Diet in. Health and Disease, Philadelphia, IV. B. 
Saunders Company, 1922. 
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in certain tissues under experimental ami disease coiuUtions. From 
tliese a fe\v important inferences Iiave }>cen made. 

^ It has l)ccn mentioned previously that calcium is storc<l tempor- 
arily in tlic hones. This is aeoimplished by the process of segrega- 
tion in which certain wandering wlls in the trabecula: have the 
power of taking up calcium from the fluid media biirrouhding them 
and holding it in the bone tissues. 

Where it was formerly thought tliat tlie calcium was laid down in 
osseous tissue once ami for all it is now known that this <leposit 
is only relatively stationary. The specialized cells wdiich hold the 
calcium and build up the bony skeleton are called osteoblasts. 
Other c-ells, the osteoclasts, act as phagocytes and remove the cal- 
cium from storage. It is believe*! that by these two processes the 
deposits in one jmrtion of a bone are I)eing constantly shifted about 
in their immediate neighborhood and even to more distant parts 
of the same bone. The cause of this («ntinu«! tlisturbaiice has 
not been demonstrate*!. 

This shifting storage of calcium is in response to hone and other 
metabolic needs. From a study »)f these needs it is found that the 
calcium stores! in bone has an antewlent history in which the cal- 
cium in transportation partakes In other functions before it becomes 
segregated, and also that after segregation it is again transported 
to satisfy further needs. 

Following alisorptiun from the intestine in the form of the soluble 
sulphate and carbonate these calchim compounds participate in 
the acid-basc cciuiUbrium an<l the *legree to which they do so is in 
proportion to the amount of calcium in tlie ionized form. The latter 
in turn is dependent on the ratio of the two physiologic states in 
which calcium exists In the scrum, that is ns diffusible or non- 
ililTusible calcium. It is Ijelievc*! that the latter is non-iliffusible 
because of its combination with scrum protein. 

Calcium wliich is carried to the muscle and nerve tissues is physio- 
logically active in the phenomenon of irritability in these structures. 
It is also concerne*! with the permeability of capillaries, and enters 
into the mechanism of blood co.agulation by speeding up the action 
of thrombokinase on prothrombin. Calcium is an important ele- 
ment in the formation of milk. 

Calcium excretion Is by way of the urine and feces, 10 to 15 per 
cent belnglost Ijy the lonner and T)j totft per cent ’oy Matter. 
The thjToid gland is believed to participate in some manner in 
calcium excretion. 

A few of the factors which influen<» the utilization of calcium 
must be reviewed in order to indicate the part which they play 
in normal and aijnormal metabolism. 

The absorbability of ingested calcium depends on three factors: 
tlic degree of acidity of the upper intestinal tmet; the presence of 
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vitamin D.; the calcium-phosphorus ratio. More soluble salts of 
calcium are formed in an acid medium. Wien the acidity is low 
or the reaction is alkaline in the upper intestine more insoluble 
calcium salts are used in the formation of soaps and this calcium 
is lost through the feces. Vitamin D aids absorption in some still 
unknown manner. Calcium phosphate is more readily absorbed 
than the carbonate. Jloreover much of the physiologic effect of 
calcium is dependent on the amount of phosphate in the serum. 

In health the serum-calcium remains at a fairly constant level 
of approximately 10 mg. per 100 cc. This is maintained by a bal- 
ance between absorption, storage, liberation, and excretion. The 
two most active factors known to be concerned in maintaining this 
level are the secretion of the parathjToid glands (parathormone) and 
vitamin D (or ultra-violet irradiation). The former when over- 
acting raises the blood calcium level, due, at least in part, to its 
stimulating effect on osteoclast formation which in turn, increases 
the liberation of stored calcium. Vitamin D may act in a similar 
direct manner or by stimulating the parathyroids; or it may raise 
blood calcium by increasing absorption. Which of these is the 
correct e.xplanation must await further investigation. Some believe 
that vitamin D (or ultra-violet irradiation) is essential for para- 
thormone efficiency. 

A low serum-calcium is brought about by parathormone or 
vitamin D deficiency. 

On the basis of these facts, rests the probable explanation of a 
number of disease phenomena. 

Osteitis fibrosa cystica (von Hccklinghausen’s disease) is asso- 
ciated with a high serum-calcium and adenoma of the parathyroid 
gland. If this latter means overactivity it is reasonable that there 
is increased osteoclast activity, liberation of stored calcium, and 
elevation of serum-calcium. 

A high calcium level may result from hypervitaminosis-D and 
this interesting clinical observation is under investigation. 

Rickets is the outstanding condition representing defective 
calcium metabolism. The absence of vitamin D or ultra-violet 
radiation interferes with calcium absorption and bone formation. 
This results in the characteristic clinical findings which need not 
be reviewed here. 

Osteomalacia is another disease which sliows loss of bone-calcium 
deposit and may or may not show lowering of blood calcium. It 
is seen in women after repeated pregnancies and in conditions favor- 
ing poor nutrition. There is strong indication that it is due to defi- 
ciency in vitamin D in some cases, and probably the parathyroid 
secretion is involved directly or indirectly. 

Many other conditions could be cited in which calcium metabo- 
lism is involved. For them it may be said in general tliat the de- 
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ranpetiietit Is not of tlie prfmaij' utilijtation type Init of the nature 
of chnjiRes hi the <listrlbution of calcium in tlic body, alterations 
in the proportion of dilTusablc and iiormlifTiisablc calcium in tlie 
blo<Kl, chemical an<l physical states which interfere with csilciura 
absorption or excretion, and sliiftin;; of the calcium-phosphorus 
ratio In the scrum. 

To maintain calcium balance the overage daily requirement is 
0.9 to I gram. The mechanisms of calcium utilization prior to 
abaorption in the upper intestinal tract result in a heavy loss of the 
total amount ingested. This lias been estimated to be around 75 
per cent of the intake and is eliminated in the feces. As a result 
the average diet should contain an original high calcium content. 
Sherman's investigations on American diets found that 15 per cent 
of them were below calcium rerjulrement. Slilk with a calcium 
content of 1.4 gram per liter is the l>est single source for this ele- 
ment. The milk products, cheese (5 to ID grams per liter) and 
butter, are the next in order of importance. 

rCRCENTAGC Or CAt-CtttU IN TUB ToTAL Ash OF COUMON FOOOS • 

rruiti 30-7 VfgcUhlfs 27-ft 

t4-a Milk, cgK, (hc«» S5-R 

NuU 0-S Meat and li*}) lS-7 

Corcftl* . S-7 

■ Friedenirstd-nubrah: Diet lo Health and PUeue, Thdadrlphia. W B Bnun- 
(lers Company, 1923. 

Since calcium absorption is favored by an optimum amount of 
vitamin D, an efficient fat mechanism In the inte.stinc, and an acid 
medium, these factors must abvaj's be taken into account when 
attempting to regulate its intake. There is some evidence that the 
average requirement of calcium is not necessarily the optimum for 
the organism. That is, if the calcium-phosphorus ratio of the blood 
serum is kept normal (ratio in<iex 60 to 60) the calcium may be used 
in excess of average requirements with ariditional advantage to the 
organism ns a whole. In health it is prolwbly impossible to create 
any strains on calcium mctalwlism which would be harmful. No 
practical dietaries can therefore l»e said to possess calcium in excess 
of the body’s regulatory mechanisms. 

A deficiency of calciuni in tlie diet may bring about depletion 
of the stored calcium in the body. In the meclianisins re\’iewed 
above ft was seen that when tfie fntafo; af calcium rws }o\{'ered the 
serum-calcium level w.a3 not changer! because the stored calcium 
was mobilized and brought into the blood stream.^ This “trans- 
ported" calcium undergoes quantitative reduction by its loss through 
the kidneys and intestines. To make up for this loss more calcium 
is withdrawn from the tissues and the negatii’e calcium balance 
becomes more and more accentuated. 

This understanding rex’eals tlie need for keeping up a .sufficient 
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calcium supply in the diet of growing cJiildrcn and pregnant and 
lactating women, in all of whom the daily fleinand is high. 

Phosphorus.— In the average individual of 140 pounds (70 kg.) 
there are about 14(K) grams of phosphorus stored in the bones, 130 
grams in muscle and 12 grams in brain and nerve tissues. Expressed 
as FO 4 the blood plasma contains 3 to 5 mg. per 100 cc. It is heavily 
concentrated in the red cells which contain 85 mg. per cent. 

With the e.xception of its participation in the formation of nucleo- 
proteins, phosphate esters, lecithin and phospholipins of cells, 
the metabolism of phosphorm closely parallels that of calcium. 
Thus, its absorption from the intestine depends upon the influence 
of vitamin D, the acidity of the intestinal contents, the amount and 
utilization of fats, and the calcium-plxosphotus ratio. WTien 
absorbed it constitutes one of the buffers in the mechanisms of acid- 
base balance. It probably is the chief buffer in combating acid 
tendencies within the cells. 

The kidneys convert the free-circulating basic phosphate to the 
acid form which is eliminated in the urine. In this mechanism the 
base radicle is reabsorbed by the kidney tubules and restored to the 
blood serum. This is one of the important processes in maintaining 
acid-base equilibrium in acidosis. 

Before the absorbed phosphorus becomes segregated in tissue 
cells, or after it has been liberated from storage, it is believed to 
play some part in the intermediate metabolism of the carbohydrates. 
This is evidenced by its presence as hexosephosphates in serum and 
tissues, and by the reduction of serum phosphorus in dial>etes under 
insulin therapy. 

The storage of phosphorus by segregation takes place largely in 
the bones but it is also found in considerable amounts in the muscles, 
brain and nerves as shown by the analysis at the beginning of this 
section. 

In the bones it is in the form of calcium phosphate. Little is 
known as to how phosphorus becomes stored other than through 
the indirect evidence brought out in the study of calcium metabolism. 
That the concentrations of calcium and phosphorus are mutually 
dependent upon each otl\et has been adequately ^lemonstrated 
and it is believed that anything which augments the concentration 
of one forces out the ions of the other and permits the former to be 
stored in the bone. Such belief is enhancetl by the fact that the 
serum in respect to both these elements is supersaturated at the 
centers of calcification, probably the result of accumulation of an 
enzyme (phosphatase) at these points. 

Phosphorus is eliminate<l in greater part (|) through the kidneys. 
The remainder is lost in the feces. 

The amount of phosphorus in the body is dependent largely on 
the degree to which the intake in foo<l Is absorbed. On this principle 
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it is now ponerally asstiinot! that those conditions which favor its 
absorption will increase its concentration, and tlien its utilization, 
provided the calcium is not siinultoncously increased. In this way 
vitamin D, irradiation ami acid conditions in the intestine will aid 
n\>3otption, but if the cafeium of the diet is also liigh, it is absorbed 
better for the same reasons and the phosphorus is largely eliminated 
in the urine. Tins mutual e.xclusiveness is behiiul the statement 
that the calcium-phosphorus ratio is of more importance than the 
actual amount of phn.sphoriis supplier!. 

On the basis of these incchaiiisins a hyperpliosphatemia may 
result from; (1) excessive vitamin I) or ultra-violet radiation; (2) 
byisoparatbyroulism in which the fall in serum-calrium is accom- 
panied by a rise in scrum-phosphate; (3) retention in nephritis; 
(4) healing fractures with incrcascrl storage of calcium in the repair 
process. Con\’crscb', hypophosphatemia will he found in; (1) 
dimmi.shod absorption from lack of vitamin D or ultra-violet 
radiation; (2) rickets uith a calcium-phosphorus ratio of less tlian 
30; (3) osteomalacia, probably also due to vitamin I) deficiency; 
(4) hypcrpamtUjroidism, by imreastsi elimination in the urine. 

The highest phosphate-lieariug foo<l Is yolk of egg. It is foumi 
ns inorganic phosphate in milk and animal cells and In organic 
combination ns nucleo-protein. pliospho-proteins, and phospho-Iipiiis 
of nerve tissue, liver and pancreas. 

Sherman estimates that an intake of 0.0 gram per day will main- 
tain phosphorus equilibrium. In onler to allow for loss by failure 
of absorption the optimum daily supply should be nearer 1.5 grams. 

An average balancetl diet which fulfils the requirements in other 
respects can liaKlIy result In phosphoros <leficienoy. It is of more 
importance therefore to consider the other elements of nutrition for 
in doing so the phosphorus will take care of itself. 

Iron.— The iron circuit in the body is poorly understood other 
thtin through inferences made from its presence in certain tissues 
and its action in some of the part-mechanisms in which it is con- 
cerned. It is the connecting links Iwtween these isolated plienomena 
that are not yet known. 

The total amount of iron in the average adult body is estimated 
at 3 4 grams. Although the tissues of the new-born infant con- 

tain iron obtained from the mother this supply becomes e-xhausted 
through the natural destruction of red cells and by clrmlnatlon. 
It is essential that this loss be made up through the diet which is 
the onlj' possible source from whidr H can be obtamed. 

Iron is presented to the l>ody os organic and inorganic compounds 
of animal foods and in vegetables and fruits. Jlost of it is in the 
form of complex organic combinations but the simpler ferric and 
ferrous salts are also available, rresent evidence indicates that 
only non-hematin iron can be used in the formation of hemoglobin. 
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Absorption of iron takes place in the acid medium of the duo- 
denum and in the upper part of the small intestine. This appar- 
ently is accomplished by the vital activity of the lining cells of the 
intestine, or by leukocytes. 

After absorption iron is next seen in the liver where under normal 
conditions it is stored by segregation in the reticulo-endothelial 
elements. In conditions of excess tlie iron can also be found in the 
parenchyma and Kupffer cells of this organ. 

At some time in its metalx>lism the iron is taken into the cell 
body of the erj'throcytes and probably also of all tissue cells. Al- 
though iron appears to be an essential ingredient of the cytochrome 
of all cells that use oxygen, the total amount in the tissues of the 
body must be slight in comparison to that in the red cells which are 
estimated to hold 90 per cent or more of it (3 grams or less). Star- 
ling' describes the function of the iron-containing cytochrome as 
that of “the middle man, conveying oxygen from the air to take 
up the hydrogen set free by the action of dehj drases of the tissues." 

Within the red cells, iron is mostly In the organic combination 
known as hemoglobin, a protein compound. It is in this form and 
position that iron seems of greatest use to the body for hemoglobin 
possesses the property of reversible oxidation and reduction. On 
this property depends its function in the e.xchange of oxygen and 
carbon dioxide in the lungs and tissues. The iron component appears 
to be essential in this process. 

Hemoglobin, and therefore iron, plays an important part as a 
“buffer" in the acid-base regulatoiy mechanisms. 

It is known that erythrocytes are constantly being formed and 
destroy ed and it is undoubted! that iron is involved at i)oth extremes 
of red cell life. Although it has not l>ccn definitely proven it is 
widely l>elieved that iron acts as a stimulus to the blood-forming 
organs to produce those cells in which it aill ultimately be used. 
Destruction of erythrocj'tes lil)erates simple organic iron. The 
appearance of large quantities of iron in the spleen, the “graveyard 
of the red cells,” is generally taken as indicating that this is iron 
which has been stored following its liberation by red cells. The 
relatioasUlp between, the stotetl icon in the lixec and that in the 
spleen and bone-marrow has not been ascertained. It is not know n 
which comes first, but it seems that each is available for reutiliza- 
tion. It is possible that some ol)scure phenomena of blood deficien- 
cies may be found to depend on qualitative deficiencies between 
these stored funds of iron. 

Iron is eventually excreted at some point in its circuitous historj’, 
mostly by the large intestine and feces but also in minute traces in 
the urine. If iron is supplied'iu great excess in the diet or as medi- 

’ StnrlinE, E. H.: Human Ph>Biology, Phitadclphia, Lea & Febigcr. 10.3(5 
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cine tlio body appears to ^iKorb only as inncli ns is needed and to 
pass the rest by way of tlic fcccs. 

If tbe si>kvn is renawetl, storage of iron stems to be interfered 
with and it is eliminatwl in increased amounts in tlie urine. It is 
not understood why, in this instance, tiie kidneys take iip the 
greater part of a function ordinarily performed by the large intestine. 

In liemochromatosis some disturbance of iron mechanism results 
in the storage of excessive amounts ns hemosiderin in the reticiilo- 
endothelial and parenchymal cells of the liver, pancreas and other 
tissues. 

A deficiency of iron in the diet rcsidts not only in a gtailual deple- 
tion of iron in the body but also a loss of some hematopoietic stimu- 
lus. Tins is observed so constantly in the inicrocj’tic anemias of 
infancy, and in association with achlorhydria in adults that the 
stimulation of blood formation by iron k almost taken (or granted. 
(Copper may be necessarj* in this same process.) Dis<;ussion of 
the possible influence of iron in combination nith vitamin K on 
fertility will be found in the section on vitamins. 

Even such fragmentaiy information on the utilization of iron 
reveals its absolute need for tissue oxidation, the formation of hemo- 
globin, respiratory e-xchange, and its probable need for proper 
crythrocytogenesis. It also shows that a deficient iron suppb' 
cannot be tolerated indefinitely and that iron excess is ordinarily 
automatically discharged. 

To make up for iron loss it is essential that the average daily 
intake for adults should be from 5 to 12 mg. Unfortunately, milk, 
the most common food for those who need iron mo.st, is inaderjuate 
in regard to this clement. 

Tar Ibos Covrc.sT or Soub C«mmoh Foop Subbtanck« (Busas) ‘ 

' (Milliframs p«r 100 fnn. of food } 

Uko 1 2 Almonds 

Wheat flour 1 0 Red cherries (without stones) 

Cow's milk 2 3 Apples 

Ilumanmilk 2 3-3 1 Cabbage (outside lca\ea> 

Cabbage {inside leaves) 4 5 Deef , 

White beans S 3 Asparagus 

Carrots 8 ft Yolk rf egg 

Strawberries B fi-9 3 

‘ Friedcnwald anti RuhrJih' Diet (n neallh^and Disease, Philadoiphia, W. B 
Saunders Company, 1020, p. IIC!. 

In a balanced diet in whidi the protein intake Is sufficient for 
individual requirements, the iron supply should also be adequate 
because of the close parallelism between protein intake in grams 
and iron in milligrams in the protein. 

Iron is frequently supplieil in meiliciiwil form as a supplement to 
the diet. Almost every coiiceivaWe form of iron has been utilized 
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including hemoglobin itself and even whole blood. Much has been 
WTitten about the ability of the body to utilize iron in the different 
forms in which it has been presented and the matter is still one of 
controvers}'. It is firmh’ maintained by some, that provided the 
iron given is in an absorbable state, an excess over requirement will 
resxdt in increased usage with added benefit to the organism. There 
is not sufficient evidence to support this belief. 

In regard to the requirement that the iron be absorbable there is 
accumulating data that may jxermit the iron salts and compounds 
to be graded on this basis. ^litchcll and Schmidt,’ and Mitchell 
and ^'aughn- classify (hem in three groups according to^ their solu- 
bility and absorbability: 

Esp«cia!ly good. Fairly cood I’oor. 

Teiric ncel&le Pcjiton/tod ferric oxide Feme oxide 

Ferric albuminate S.icrbarated (crric oiido Ferrous carbonate 

Feme chloride Saeeharaletl ferrous tarboiiatc Feme potamum tartrate 

Ferric citrate Ferrous lodido Ferrous laetato 

Fernim ruductum 
Ferrous sulphate 

It is believed that irrespective of the form in which iron is admin- 
istered in food or medicine it is changexl by the stomach secretions 
into the ferrous and ferric salts. 

After absorption these two salts appear to be reversible. 

Copper.— The amount of copper in the body is so small and 
unevenly' distributee! that no practical purpose could be served 
by its determination. It is obtained from the copper salts taken 
from the soil by ^ egetables and probably exists in traces in animal 
livew. 

Nothing certain is known about its absorption or intermediate 
metabolism. 

So far as its usefulness is known it is apparently limited to par- 
ticipation in the processes of hematopoiesis, hemoglobin formation, 
and possibly oxidation within the red cells. In the first it seems to 
act along with iron in the stimulation of endothelial elements of the 
capillaries of the bone-marrow to progress through the stages of 
■ erjthrocj’te formation. Its point of action is believed to be at the 
developmental level of erj'throblast-normoblast conversion. In 
the absence of copper this last change from norinoblast-erj^hroblast 
to erv’throcj'te is interfered with and the bone-marrow and circulat- 
ing blood show these loa -level red blood cells. This failure results 
in the presence of large numbers of microcytes and the condition 
is called microcytic anemia- The actual part plaj ed by copper is not 
known. Hart, Steenhock, WarWell ahd KIvejem’ found tliat copper 
in addition to iron was necessarj' for the cure of microcytic (nutri- 

' Mitchell, H. S , and Schmidt, L.: J. Biol Chem , 70, 471, 1926. 

* Mitchell, H. S , and Vaughn, M.. Ibid , 75, 123, 1927. 

» Bartciaf.: J. Biot. Chem., 7T, 797. 192S: Ibid . 84, 115, 1929. 



1)1 NUTllITIVE BLEMBNTE IN IIEALTII AND DISEASE 


tiorial) nncinia. They claim tlint reported successes by the use of 
iron alone are due to the fact that tJic iron preparation used eon- 
tainetl other metals as impurities. 

Copper also seems to be of use in the formation of licmojjlohin. 
Nothing more is known than the empiric observation that it appears 
to assist in tlic conversion of nbsorbwl ircjn to hemoglobin. 

An indication of the minute traces in which copper may he effec- 
tive is show n by tlic c-oriclusions of Chou and Adolph* that the daily 
uduU re(iiuremcnt is about 2 mg. 

Copper nhsorhed in excess is apparently- retained it> largo part 
in the liver as cvidenee<{ hy Mallory’s pathologic studies on that 
organ in various forms of cirrhosis. 

It is pnibahio that any <Iict containing sufficient iron will also 
c-ontain the neee.ssary amount of lopjx-'r. 

Sturgis believes that copper iiml not be given therapeutically 
hccaiise all pharmaceutical preparations of iron are grossly con- 
tamin.itwl w itii this element. 

Manganese.— Manganese, in the ophiion of McCarrison,* is con- 
c-erned in some way with growth. lie found that optimal growth 
took place on a daily intake of (M).‘>27 mg. 

This mineral is bclievcfl to Ire operative in hematopoiesis in the 
siuiie manner us c-opper and that it may be an ulternative to copper 
or some other clement. Its deficiency may play a part in microcytic 
anemia. 

In tlie diet manganese is es|reeially nluindunt in the outer layers 
of wheat and is found In cablwge, fruits, legumes, cauliflower, 
lettuce and grapes. 

Magnesium.— Magnesium (as MgO) Is found in the following 
amounts in the body per 1(XX) parts of the freah organs listed: 

Crums. 

Muscles 0 ■to 

Bono 4 to 0 

I^ner 0 02-0 007 

Blood plaslim e 02 to 0 00 

Blood corpust If* 0 07 

The normal bl(»od smiin Jettl is ing. per 100 ee. 

Althougli it is present in greatest amount in tire bone it is probable 
that it is there in storage. The factors influencing its deposition in 
bone as solid magnpaimn xAwwjJhate and eatbonatw are Mreved to 
be tlie same as those responsible for the storage of calcium and 
phosphorus. 

Magnesium in transportation in the blood remains at a constant 
level and no known clinical conditions or extraneous factors seem to 
influence it. The cause of this remarkable stability in spite of the 
‘ Chou. T. P . nnd Adolph, W. H • Biochem. J . 29. 47(j. 1935 
» McCarnaon. H.. Ind J. Med Rea., 14. 631. 1020 
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several factors mentioned below which will effect its elimination is 
not known. 

An important function ascribed to magnesium by Lehmann^ 
is its participation in the transformation of glycogen to lactic acid 
during muscle activity. He states that it is essential to this process 
along with an enzyme, a phosphate, and adenyl-pyrophosphate. 

Absorption of magnesium takes place in the upper intestinal tract 
under the same conditions which fav'or calcium absorption. This 
Peters and A'an Sb*ke* suspect, is due to a similar solubility of mag- 
nesium and calcium. 

Magnesium is excreted in the urine in the amounts of 0.3 to 0.5 
grams daily. The administration of magnesium and acidifying 
measures increases the elimination in the urine. Holt states that 
in infants 50 per cent of ingested magnesium is eliminated in the 
feces. 

A further similarity between calcium and magnesium metabolism 
is evidencetl by the response to parathormone and parathyroidec- 
tomy. According to Grcenwald and Gross’ the former increases its 
elimination and the latter causes its retention. 

Nothing can be stated about the effect of a deficiency of mag- 
nesium in the diet. It can probably be substituted for by other 
elements so far as the bones are concerned and it is likely that a 
defective supply may only ha\e some influence on tlte neuro-muscu- 
lar mechanism. 

Since the daily requirement of this element is nut known it will 
only be practical to name the hnnls in which it is prevalent w'ith a 
rough Indication of its percentages:* 

Fruits 8 to 5 per cent (Apples, pmcapple«, oranges, cherries, pears, 

fir^) 

Nuts 18 to 0 per cent (Almonds, walnuts, cocoanuts.) 

Vegetables 9 to 5 per cent (Tomatoes, sugar beets, pears, cauliflower, 
lettuce, spinach, cclerj’, carrots, onions.) 
Cereals 10 to 5 per cent (Com, wheat, barley, rye, oats, nco.) 

Meats and fish 9 to 5 per cent (Salmon and pork ) 

Iodine.— Practically all of the iodine in the human body is found 

anti iitiVized hr the ihYrcii) h lorjns aa wtpgia} 

part of thyroxin, the internal secretion of the thyroid, it must be 
found along with the distribution of thyroxin in the tissues. The 
total amount in the body is between 10 and 20 mg.; the blood iodine 
level is O.Oll mg per 100 cc. of blood. 

* Lehmann' Nature, 19, 180, 1931 

’ Peters, J P . and Van Slyke, D D QuanUtative Clinical Chemistry, Balti- 
more, Williams & Wilkins Company, 1931. 

* Greennatd, I., and Gross. J : Jour Biol Chem., 66, 185, 1925, Ibid., 66, 201. 
1925. 

* Friedenwald and Ruhrdh. Diet in Health and Disease, Philadelphia, W’. B. 
Saunders Company, 1920. 
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Iodine is ahwjrlwd from tlw small intestine, carried by tbe blood 
to tlic thyroid };liind, eoiubiiiul there with nmino-acids to form 
thyroxin, and in this or some closely related form returned to the 
firctilation and carritsl to the tissues. On tlie breakdown of tliyroxin 
tlie iodine fraction ia aKnin lilicmtcd ami returned to the thyroid 
gland for resynthesis into thynixin. The body conserves iodine 
n ith the greatest ceoiiomy probably .storing it in combination in tlie 
colloid material of the thyroid. 

'I’lic necessary intake of iodine per year to make up for its gradual 
loss is estimated to he roughly equal to the amount in the body at 
any one time, i. c., 10 to 20 mg. 'iliis makes an average daily 
requirement of 0.0.3 to 0.05 mg. 

The function of iodine is limiUsl to its presence in thyroxin and 
the function of this in turn, is ealorigenesis. riummer looks upon 
it as a catalyzing agent which atx-cicrates metabolism in all tells of 
the laxly. 

A thorough discussion of the function of iodine is beyond the 
scope of this A\ork for it would involve a review of nil of the functional 
derangements of the tli.xToid gland. 

The hegimniigs of some of these deranged functions arc due how- 
ever to ilefccts ill the original supply of iodine in tlie food, An actual 
quantitative deficiency in the fowl and water results in the formation 
of an inadequate amount of thyroxin. This is the basis for the devel- 
opment of endemic cretinism and endemic goiter. The deficiency 
of iodine in the food can be traced back through the vegetables to 
the soil of goitrous regions from whicli a large part of the iodine 
has been removed by geologic and meteorologie influences. The 
heaviest endemic areas arc Switzerland and the Great Lakes basin 
in the Uqitc<l States. The water supply of tliese regions is low in 
soluble iodides. Sporadic goiter and cretinism in non-goitrous 
regions is due not alone to a lack of iodine in food but some alter- 
ation of iodine usage caused by as yet undertermined factors. 

The iodine deficit can be made up by addition of this element 
to the food either by the consumption of larger amounts of iodine- 
rich articles of diet or the use of a salt of iodine (generally sodium 
iodide) ns a condiment. It is oUxious that the added iodine need 
be very small in amount from the observation that only 10 to 20 mg. 
me Wi -b. . Vwi tlf.ii'i t-V«. tiywlft 

up by giving iodine-containing food tlie year round or iodine prepara- 
tions at intervals. In goitrous r^ons the iodized table salt method 
is more commonly ii'iod or tl«e water supply of the district is_ iodized. 

Iodine in excess may stimulate an already overfnnctioning thy- 
roid to still greater activity and pruduc-c thyrotoxicosis. 

When given to patients with e.xophtha!mic goiter Cleans believes 
that iodine simply tlilutes the thyrotoxicosis by time, that is, it 
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alleviates the condition at any one time but does not alter the dura- 
tion of the disease. 

In animal foods iodine is found in greatest amounts in the nucleo- 
proteins. The amount in grams in a kilogram of the raw foods is 
given in the following table 


Shrimp . 

5 9 

O^’sters 

1 32 

Crabs 

1.8 

Cod 

1.32 

Lobster . 

1-78 

Anchovies 

0 95 

Herring 

1.57 

Whiting 

0.31 

Fresh salmon 

1.4 

Trout 

0.08 

Gruis 

PER Kilogram op Fresh Veoetables. 


Green beans 

0 32 

Rice 

0 17 

Bananas 

0 31 

Carrots 

0 134 

Asparagus 

0 24 

Leeks 

0 12 

Garlic 

0 21 

Green peas 

0 80 

^Vhitc cabbage 

0 21 

Tomatoes 

0 23 

Mushrooms 

0 17 

Grapes . 

0 02 

Strawberries 

0 17 




In general, it is the sea foods and starchy vegetables which furnish 
most of the iodine. Because of the presence of relatively large 
amounts of this element in certain seaweeds this material is quite 
generally used as a supplemental food. 

Those vegetables that show the higher proportions of iodine in the 
above list may have very much less or none in goitrous areas where 
the iodine is practically absent In the soil. Under such circumstances 
the diet alone cannot be adequate and iodine must be supplied by 
other means. 

An excess of iodine obtained from food alone is scarcely conceiv- 
able. 

‘ Fricdcnnald and Ilubrjh (m part) Diet in Health and Diacaac. \\ ■ B. 
Saunders Company, Pluladctphia. 19J0. 
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THE NUTI11TJ\'E ELEMENTS IN HEALTH AND DISEASE 

(COXCLUDHI)). 

VITAMINS. 

IIlSTOiucALLY, tile term vitamm was applied to doipnatc a 
t'la.ss of iinideiitifietl nutritive principles, the activities of which 
could not lieiricludoil in the known processes by winch fats, proteins, 
carbohydrates and minerals carry out their functions. Although 
soinethinf’ of their nature had l>cen snsiJecled for several jears, it 
was not until Eijdiman, and later Inink showed tliat one (vitamin 
D) was a distinct cntit%, that anyone had an idea ns to what they 
were. Tlie one outstaiulinR point al>out them w'hich w’as eventually 
revcalcfl and for which they were given their name, was that they 
were indispensahle food principles necessary for full vital activity, 
growth and de\clopiuent of at least the higlier forms of life. 

Wien knowledge of the vitamins had advanced to the point 
of recognizing that there were four of tliem It was found that a 
primarj- classification was possible on the basis of their solubility. 
Designating them alphabetically vitamins A, B, C, and D, this 
earliest classification placed vitamins A and 1 > in a fat-soluble group 
and I'itamins B arul C as trafer-soluWe. This distinction is still 
retained because of its convenience in laboratory determinations 
where solubility is a prime consideration and in practical dietetics 
because fat-soluble vitamins are present only in fat containing foods 
and tbe water-soluble group is found in foods with or without fats. 

Present information shows that the vitamins are a heterogeiieoiib 
group of chemical substances that are categorically distinguished 
by tlicir diflerent func-tioiis. Their ailubility cannot constitute a 
permanently satisfactory classification; function, so far, is, the onl\ 
criterion for classification and their clieraical composition to date 
serves only to differentiate them. Evidence has accumulated to 
show tliat the number of original ritarains can be extended and that 
one vitamin may ba>'e two or more factors. Opinions differ as 
to whether the split fractions are to be continued as refinements 
of the vitamins or are to be designated as new vitamins. The 
nomenclature now in use reflects both of these ideas. Thus 
ritamin B is now vitamin B complex. To some this is thought 
to be made up of vitamins Bi, B*, Bj, B 4 , and Be. The separatists 
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call Bz, vitamin G, or P-P, or F. Sherman* refuses to define vita- 
mins on the basis that not enough is known about them to permit 
a definition which will oiitlast accumulating knowledge. 

Experimentation has shown that \ntamins are so minute, in the 
amounts required to produce their effect, that there can be no 
question of their contributing anything to the body in the A\ay of 
energy contained within themselves- This neither precludes nor 
affirms catalytic activity. It is questionable whether vitamins can 
be synthesized by the animal body. As far as is known, man 
obtains his vitamins either directly or indirectly from vegetables. 
Certain indications that some bacteria can synthesize vitamins is 
taken to indicate that bacteria are probably vegetable. (These 
borderline states show how precarious hard-and-fast dividing lines 
may be.) 

Precursors of a few of the active forms of the vitamins have 
been found, some within the bfKiy of man and animals and some in 
\cgetables. The activators of these provitamins appear to be as 
diverse as the chemical nature of the vitamins themselves and range 
from enzyme activity to the radiant energy of sunlight. 

There is enough similarity between the functional aspects of the 
vitamins and hormones to suggest more tlian a close parallelism 
between them. This Is based on the cvidenc'e that the substances 
in each of these groups represent a complex inolectilar integration 
with living material and that their activities are more than those 
of catalytic agents. 

Sufficient is known about the vitamins to justify their inclusion 
in a basic category. Because they or their precursors are obtained 
with the food supply, and their quality and quantity are variable 
w ith the availability, preparation and use of foods they have been 
retainetl in the category of nutritive elements. It may be possible 
that further knowledge will eventually place them elsewhere. 

The source, special characteristics and functions of the vitamins 
will be given more specifically in the consideration of the individual 
vitamins outlined below’. 

Vitamin A.— The precursor of vitamin A is carotene, one of the 
plant pigments familiar in one form as the yellow coloring matter 
of corn, carrots and butter. It may be masked by other pigments 
and therefore the older belief that the more intensively yellow 
products are the more potent sources of vitamin A can no longer 
be held. Refined analysis of carotene by Kamer, Walker, Schopp, 
and Marf, indicate that there are isomers of this pigment, one of 
which B— carotene appears to be chemically equivalent to vitamin 
A (CzoHs/)) and similar to it in action. 

Other isomers of carotene and certain carotinoid pigments are 

’ Sherman, H. C . General Review of Our Present Knowlctlge of the Vitamins, 
Bull. New York Acad. Med.. 10, 457, 1934. 
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tiiulcr investigation ns to tlicir relation to vitamin A. It is now 
believed that vitamin A docs not occitr in plants and that carotene 
is not found in animals. In the preceding genera! discussion of 
vitamins referenw was made to the ability of certain bacteria to 
synthesi7e vitamins. More specifically, carotene has been demon- 
strated in bnotcria in the intestinal tract of experimental animals 
but it has not been shown that the bacteria cari produce vitamin A 
from this pigment. It may l)e found that this carotene can be 
used by the animal harboring tl>c bacteria when the latter die and 
break up. 

Vitamin A is fat-soh»bIe and is taken into the body in solution 
in the organic fats. Its presence in animal fats and milk Is accounted 
for by the vegetnhle diet of herbivores and the small plankton food 
of fish. These animals convert carotene to vitamin A and store the 
latter in various tissues, especially the liver. The human is probably 
able to coJivcrt some carotene to vitamin A’nnd this with the pre- 
formed vitamin A from animal fats is stored largely in the liver. 
This store is available during lowered vitamin A intake, but its 
amount is apparently sufficient for only a matter of a few weeks. 

The exact nature of the mechanisms by which carotene is con- 
verted into vitamin A is still largely a matter of speculation. Alcott 
and McCann claim to have brought about the change tn vitro by 
treating carotene with preparations of liver. They explain their 
results on the probability that the liver material contained an 
cnxjTne specific for the reaction. This hypothetical enzyme, or 
enzyme system, has been namwl carotenase. 

The main foml sources of vitamin A are shown in the following 
table: (one, two or three nstcrisk-s indicate relative ricljncss in 
vitamin A content). 

^V>uuL SotrncES. 

•••Putter “Beef Ib-er 

•••Cod-liver oil ••Human milk 

•••Cream ••Oysters 

•••Eggs ‘Fish 

•••Cow’s milk ‘Egg-white 

••CliecfeC 

V'jmrTABLB i 90 URCt.S. 

••••Apricot “Peas 

•••Carrots (raw) “Sweet potatoes 

•••SipiM/J*. “Pumpkin 

• • • Watercress • ‘Tomato 

••Green beans ‘‘Asparagus 

••Breads ‘Navy beans 

“Cabbage ‘Cauliflower 

“Carrota (cooked) ‘Oatmeal 

••Com ‘Parsnips 

“Dandelion greens ’Wliite potato 

“Uttuce *Ryc 

“Orange-juicc ’wTieat 

“Peaclies 
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Other vegetable and animal products not listed have Insignificant 
amounts. Little can be said regarding the absorption of vitamin A 
or carotene from the intestinal tract other than that its passage 
through the intestinal walls is in conjunction with the fatty acids. 
Certain oils in which vitamin A may be dissolv’cd form more potently 
active combinations than others, and natural oil sources of vitamin 
A are better than refined preparations of the vitamin in oil. This 
latter observation may be explaine<l by the presence of still unknown 
active principles in the natural oils. 

Vitamin A ns found in the natural oils of food Is heat stable within 
the ranges of temperature encountered in the ordinarj’ processes 
of cooking, canning and preserx’ing. It is also quite resistant to 
oxidation. In its extracted forms and as concentrates it is believed 
to be more readily damage<l by heat and oxidation. 

The daily requirements of vitamin A for man have not been 
determined. Quantitative assays of cod-liver oil and artificial 
concentrates of carotene are made by obser\'ing the gain in weight 
of rats on standard vitamin A defective diet in a given period of time. 
Sherman’s unit of vitamin A Is that amount wliicli when fed daily 
to a standard test animal, prepared ns described (standard daily 
weight of rat, etc.), will suffice to support an average gain in body 
weight of 3 grams per week during the test period of four to eight 
weeks. An international vitamin A unit has been proposed which 
is to be equivalent to 0.001 mg. of pure carotene. 

In the rat 0.003 mg. has bwn found sufficient to prevent avita- 
minosis A. ^^^lat this may be when translated into human require- 
ments is not known. 

Although many inferences have lieen made as to the r61e of vita- 
min A in the human organism practically nothing is known of the 
mechanisms involved. >Iost that can be known must be obtained 
by observations on the effect of its deficiency or excess in the diet 
under clinical or controlled experimental conditions. 

From continued observations of this nature the activ’ity of vita- 
min A has been found to be far more versatile than that originally 
ascribed to it as the “growth and anti-xerophthalmic” factor. More 
recently it has been described as being mostly concerned in the 
maintenance of “health and vigor,” but this too is little more than 
saying that it is indispensable to the maintenance of health. Vita- 
min A has also been called the “anti-infective agent.” All of these 
designations must be accepted with the reservation that they are 
tentative, unproien, working terms and that they are probably’ 
both true and false, the former because vitamin A does play some 
part in the functions described, the latter because they impute 
whole functions to vitamin A in which it is only partly involved. 
These are all end-results of its action and ns such serve only to point 
to the need of a clearer understanding of the mechanisms jnvolve<l. 
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Tlioy indicate also Itow complicated the proc-esscs must ho for niiv 
sinRle npent to institute reactions wliidi can roacli such Rcneralircd 
proportions. It is not clear ns jx-t that these re.snlts may not mean 
more than the operation of vitamin A alone hut that tliey may he 
brought about by the interaction or combined action of this factor 
witli other vitamins and effective agent-s. 

Vitamin A deficiency in young c.vperiinental animals leads to 
lessened growth. It is on the basis of this observation that the 
designation “growth factor” h npplie<i. Mendel' points out that 
this is not a .specific reaction to a deficiency of vitamin A because 
in young animals a deficiency of almost any of the indispensable 
nutritive elements leails to arrested growth. Tliat vitamin A csin 
do so is not denied, but this does not make tlie result specific or 
unique. 

There is increasing belief that the “health and vigor” factors, 
the “anti-xerophthalmic” effect and the presumed role of “anti- 
infective agent” may all be explained by the influence of vitamin A 
in maintaining the mucous membranes in a normal condition. This 
is (lcduce<l from the evidence that a deficiency of vitamin A leads 
to kcratinization of mucous membranes. Tliis in turn results in a 
defective “first lino of defense” against invading microorganisms, 
causes alterations in tlie plij’slologic mechanisms of the membrane.s 
in\’oIvcd (such as the lachrymal apparatus and respiratory 8y.stem), 
and interferes with other processes dependent on the integrity of 
these structures. Thus ulceration of the cornea may be brought 
about with secondary infection of the accessory structures of the eye 
ns ttoll ns of the eye Itself, or the change in the sinus and bronchial 
membranes may enhance the ability of microorganisms to invade 
these tissues and set up disease. There is no definite Indication that 
vitamin A has any direct effect on the immunizing powers of the 
body. The anti-infective effect of this vitamin is looked upon 
therefore as indirect and probably only reveals itself when its lack 
in the diet has approached o minimum whicli is reached onb’ under 
exceptionally impoverished dietary states. 

There is, apparently, a correlation between the amount of vitamin 
A in the <liet and tissues and the ability of the retinal rods to regen- 
erate visual purple. Failure of visual purple results in night blind- 
ness (lienieralopia). Ackroyd* described cases of night bjindness 
occurring in patients who were on inadequate vitamin A <Uets and 
wlio were exposcil to bright lights. Such light exhausts \ isual 
purple normally but it is constantly regenerateri. Ackroyd's eases 
did not regenerate their visual purple and night blindness resulted. 

It is believerl therefore that vitamin A, normally found hi the 
retina, is concerned with the metabolism of \ isual purple, ^iiight 


' The Vitamins. Mead Johnson A Co .Kianaville. Ind , 1932 

5 \ckrojd. W U Trms Ophth.S<w Uniteil Kingdom. 60. 230. 1930. 
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blindness is not uncommon in Far Eastern tropical countries where 
all forms of avitaminoses are abundant. 

For some years vitamin A has been implicated in the etiology of 
urinary calculi and as a possible factor in sterility. There is a ten- 
dency at present to account for thb on the same basis as the above, 
that is, an abnormal condition of the mucous membrane of the 
urinary tract favoring the formation of concretions, and of the 
genital tract in the female which prevents proper implantation of 
the ovum and its subsequent retention in the uterus. In the male, 
the same changes may prwluce sterilitj'. The keratinization of the 
genital tract in the female results in such characteristic changes in 
the vaginal smear that observation of this change is in use as a 
method of vitamin A assay in animals. 

Wolbach and Howe* have brought out evidence that v’itamin A 
deficiency results in atrophy of the araeloblasts and odontoblasts 
in rats and guinea-pigs and Boyle^ noted tooth hj'poplasia in an 
infant on a vitamin A defiei'cnf t/iet. 

In 1930, Mellanby* published an opinion that a deficiency in 
vitamin A may be a possible explanation of the subacute combined 
<Iegeneration of the cord ivhich occurred in animals on controlled 
defective intake of this vitamin. lie suggested that the same state 
may underlie the similar degenerations in man seen in ergotism, 
pellagra, lathyrism and disseminated sclerosis. Acting on his own 
suggestion Mellanby has treated cases of early disseminated sclerosis 
with dietary measures and obtained highly satisfactory results. 

All of the conditions cited above are relatively far-advanced 
results of vitamin A deficiency, or of this defect combined with some 
other factor such as a to.xin. Although the storage capacity of the 
body for > itamin A is not great the clinical incidence of avitaminosis 
A is also not high. One assumption from this may be that the aver- 
age diet contains an adequate amount of vitamin A to prevent 
these outstanding manifestations. 

There remain therefore two further possibilities concerning vita- 
min A deficiency, (1) that there are intermediate states of ill-health 
due to relative deficiencies of vitamin A and (2) that the average 
state of health is not the optimum state that could be obtained on a 
\’ttamin A-rich diet. Little is known about these two possibilities at 
present but a prediction may be hazarded that those individuals 
who partake of vitamin A in amounts above those whose intake is 
just adequate to prevent evidences of deficiency will enjoy a measur- 
ably better state of health. 

Vitamin B (Vitamin B Complex).— The vitamin B complex con- 
sidered as a whole is a water-soluble compound containing carbon, 

' Wolbach, S. B., and Howe, P R . Am. Jour. Path , 9, 275, 1932 

‘ Boyle, P. E.: Jour. Dent. Res . 13. 39. 1933. 

* Mellanby, E.: Brit. Med Jour., 1, 677, 1930. 
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IiydroKcti, oxygon, nitrogen nnd sulpliur. Owing to the transitory 
state of knowledge rcganling the iiulivhhial conij)ojionts of the com- 
plex it would mean notlung to discuss its eljcmical properties in 
further detail for each fraction possesst*s its own capacity to resist 
heat, acids and alkalies. 

In the natural state the vitamin B fractions occur hound together 
in the complex. The dictarj* soun'cs for vitamin B stand there- 
fore, with some c-xeeptions, for each memher of the group. The 
most abundant single souix-e of this vitamin is the wheat germ. 
Large nmnuiits arc found in yeast, but recent a<ssays of this sub- 
stance show a disconcerting lack of consistency of vitamin B con- 
tent. One of the most widespread snurccs is in the pericarp of rice 
grains, that portion of the grain which is rcmovetl by millljig. It 
is present in amounts .sufficient to protect against deficiency in 
whole barlej, whole wheat bread, corn, cottonseed meal, sprouted 
grains, milled oats, whole lye, wheat middlings, whole bran, Udney, 
liver, brain, fish roe, lemon, grapefruit, and orange juices, tomatoes 
(raw, canneil or dried), alfalfa, licnns, cabbage, rarrots, cauliflower, 
damlelion greens, eggplant, lettuce, onion, parsnips, peas, white 
potatoes, spinach, swede, turnips, most nuts (c-xcept almonds, 
peanuts and pecans), and in milk, buttermilk and cream. 

The amounts of each of the suli-membcrs of the group in the 
above animal and vegetable sources is variable and some foofls are 
better sources of some of the fractions than otliers. Thus corn, or 
maize is listed as satisfactory,' for vitamin B as a whole, but is con- 
sidered lacking in tlie fraction assume*! rc.sponsible for protection 
against pellagra. 

No precursor or provitamin for vitamin B has been demonstrated. 

It is believed that its synthesis by plants is complete and that no 
furtlier conversion occurs, before it is used in the animal body. 

Due to its complexity in structure and use, vitamin B coinple.x 
requirements must vary considerably under changing conditions 
of the organism. For the maintenance of health under normal con- 
ditions it may some diiy he possible to calculate the neees&ary daily 
intake but this cannot be done at pre^nt. 

Lactation is believed to create a <lemand for higher vitamin B 
intake, nnd there is some imlieation that the requirement increases 
progressh'cly during the periods of active grow’th. Correlations 
between caloric intake, proportion of carbohydrate in the diet, and 
protein consumption have bwn suggested but not generally accepted. 

It lias been believed for many years, on a clinical basis, that heavy 
rice eaters show some such correlation between the high carbo- 
hydrate diet and development of beri-beri apart from the fact tliat 
they are using milled rice. 

.\ccepting present knowledge of the individual factors of vitamin 
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B complex as incomplete, the following discussions represent the 
current opinions on this constantly clianging subject. 

Vitamin Bj (“Auti-neuritic vitamin” of Eijkman and Peters, “Anti- 
Beri-beri vitamin,” Vitamin F of Sherman).— Crystalline prepara- 
tions from yeast which are believed to be nearly pure forms of this 
vitamin have been obtained by several investigators. 

The formula for vitamin Bi by Wlndaus ei al is CuHisO N4S. This 
has been confirmed by others. Kinnersley, O’Brien and Peters* 
believe that the variable physiologic activities shown by different 
crj'stalline preparations is evidence that these substances are still 
impure. Vitamin Bi is unstable to alkali, relatively stable to acid 
and stable to dry heat. It is unaffected by a dry temperature of 
100° C for twenty-four hours but is destroyed rapidly in tlie presence 
of moisture. 

Seidell^ states that samples “of dried brewers’ yeast may vary as 
much as ten-fold in activity.” 

Sherman has shown that the vitamin Bi content of milk can be 
diminished by feeding cows on a ration deficient in this vitamin. 
That 25 per cent of the vitamin Bi of milk is destroyed by pasteuriza- 
tion has been demonstrated by Krauss, Erb, and Washburn.® 

The physiologic effects of vitamin Bi deficiency are largely mani- 
fested through the nervous system. Animal c.vperimentation and 
in vitro studies have demonstrate<l that the action of vitamin Bi is 
concerned in the metabolism of nerve tissue and ner\'ous response 
mechanisms. (The anti-polyneuritis effect on fowl was one of the 
first evidences of the existence of the accessory food substances.) 

The most general statement that can be made about the mode 
of action of vitamin lb is that it is involved in the oxidative pro- 
cesses of carbohydrate metabolism. This activity is possibly of the 
nature of a co-enzyme effect; the enyzme suspected is probably that 
of a dehydrogenase system. 

Another evidence of its function is found in the consistent loss of 
appetite accompanying vitamin Bi deficiency in animals and so 
conspicuous in the human vitamin Bi deficiency disease, beri-beri. 

The dilatation of the heart and disturbed heart-rate, which are 
cardinal findings in human beri-beri are attributable to the influence 
of the vitamin on nerve ending effects and local carbohydrate 
metabolism disturbances. Clinical vitamin Bi deficiency is rare 
in the adult but not uncommon in infants of communities where the 
vitamin B complex deficiencies are most abundant. 

As a factor in human disease the absence of vitamin Bi is held 
responsible not only for the cause of beri-beri but for other sub- 

• Kinnersley, H. \V., O'Brien, J. R , and Peters, R. A.: Biochem. Jour , 29, 2360, 
1935. 

• Seidell, A., and Smith, M. I.: Jour. Am Chem. Soe., 65. 3380, 1933. 

• Krauss, W. E., Erb, J. H., and Washburn, R, G.: Ohio Agric. Exp. Sta Bull , 
618, 3. 1033. 
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dinic.il tinlioalthy states. Tlic evidences for tliesc latter arc the 
otherwise unexplained dropsies or lucidizccl edemas common in 
tropieal countries, distiirlMnccs of appetite and digestion from 
unknown causes, and failure to ^iii in ucight by children on other- 
wise ndcfjuatc diets. The neuritis of chronic alcoholism has been 
attributed to disturbed utilization of vitamin Uj, brought about 
primarily by tlie elTeet of aleoholbm on the functions of the gastro- 
intestinal tract. 

Vitamin Bi (“Anti-dermatitis or Anti-pellagra factor” of Gold- 
berger, I’.-P. factor of GoI«lbcrgcr, Vitamin G of Sherman).— Tiie 
major part f)f the fraction of vitamin B complc.x lias been shown by 
GynW* Kuhn, nn«l Wagner-Jaiiregg* to be chemically and actually 
identical with lacto-flaviiic the water-soluble pigment of milk. 
Mtamin Uj nctivit^- and Incto-flavinc ore destroyed by blue or 
visible violet light, possess the same crystalline form and elementarj' 
chemical analysis (CirfljaN*©.), and have the same absorption 
spectrum. Vitamin llj has l>een synthesized artificially. It is 
stable to acids, moderately stalde to alkali, and is thermostable in 
neutral .solution. 

The principal focxl sources of tins vitamin arc milk, egg, muscle- 
meat, liver, yeast, wheat germ, peas, whole maize and maize endo- 
sperm. 

Ill determining tlie vitamin Bt efRclencj' of any food or prepara- 
tion, the test rat is placed on a vitamin Bj-sufficient, vitamin Bi- 
dofective diet for three to four weeks. Addition of the test material 
is tlieii made to tliis diet. The vitamin B: unit is the amount re- 
quired to produce an average gain of 3 grams ncekly per animal for a 
period of eight weeks under tlie standanl dietarj' conditions. 

It is found that a diet including as much as 50 per cent of any of 
the cereals will supply enough vitamin Bj for approximately normal 
growth. 

Little is known about the pliyslologic activity of vitamin Bi. 
An interesting correlation has been found between flavine and War- 
burg an«l Cliristian’s “yellow o.xidatioa enzj-me.” This enzyme is 
now sliown to be a colloidal enzjTne fraction combined witli flavine. 
Flavine can therefore be said to exist in free and combined forms. 

It is apparentlj nccessarj* for tlie formation of the complex yellow 
oxidation enzyme which the animal organism cannot synthetizc. 

Harris’-' suggests that the most convincing eViAeiice tfi a 
identity between flavine and the vitamin Bj anti-pellagra fraction 
(P.-P. foc-tor) is the fact that flavine is destrojed l>y irradiation and 
th.at a pellagra-preventive diet is rendered dermatitis-producing 
by similar treatment. He iioints to the seasonal incidence of plioto- 

‘ Oj-orEV. Kuhn, nnd tVagncr-JiMircgB' Klin, xyrhnaehr.. 12, 1241, 193S, Nntiir- 
w 8senschftften, 21, 560, I9'i3 

’ Ilnrria, Lontor J Vitamins, Vnn. Rev. Biophmi , 3. 2jS, 1931. 
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sensitization in pellagra as a possible effect of solar radiation on 
natural food materials or iti rtro on subjects exposed to it. 

The results of experimentation indicate that the effect of avita- 
minosis B, formerly attributed to B2 as regards the formation of 
pellagra-like conditions is concerned, is due to deficiency of B» and 
that Bj deficiency is not knowii in man. Bj avitaminosis in animals 
produces loss of weight and eye lesions. Current opinion is strongly 
in favor of pellagra being due to a deficiency of vitamin Be. 

Vitamin Bj is also implicated in lactation, promotion of gron’th, 
and hematopoiesis hut clinical and experimental work on these 
possibilities lack confirmation necessary for more than theoretical 
consideration. 

Vitamin Bj.— The existence of tins vitamin is doubted. If it 
e.xists as an entity it is probably only of significance to lower animals. 
It has been termed the “third pigeon factor” by Williams and Water- 
man who claim that it is necessary for growth in these animals. 

Vitamin B4 (Reader’s Vitaniin).— The belief in vitamin B4 has 
resolved itself into Harris’* opinion that “vitamin B4 deficiency seems 
to resemble a state of chronic or persistent deficiency of vitamin Bi 
since it can always be cured by the administration of a sufficiently 
large dose of vitamin Bi.” 

^tamin 64 (Anti-dermatitis Factor; Vitamin G).— The former vita- 
min Bj has been broken down into vitamin Bj and another fraction 
designated as Bj. It is believed that this latter may be one of several 
anti-dermatitis factors some one or more of nhich may be the 
pellagra-preventing vitamin. 

The richest source of vitamin B* found by Gyorg>’* is fish muscle 
(herring, salmon and haddock). 

Vitamin B« is inactivated by visible light. Its chemical composi- 
tion is not knorni. 

Vitamin C (Anti-scorbutic Vitamin).— Vitamin C is ascorbic acid. 
This is a water-soluble crj'stalline substance of known chemical 
structure (formerly known as hexuronic acid) which has recently 
been synthesized (Reidistein, Grussner, and Oppenauer*). It is 
highly heat stable under conditions in which possibilities of oxidation 
are prevented- This is of great bearing on the preservation of the 
acti\dty of vitamin C during the preparation of food, especially 
by canning processes. 

It has been shown that canning of different foods requires indi- 
vidual consideration be given to the amount of ascorbic acid present, 
the pH of the food medium, the amount of moisture and the time 
required in the process. Anaerobic conditions are generallj' ap- 
proached as far as may be required and when the process is one of 

• Hams, L J.: Ann. Rev. Biochem , 4. 340. 1935. 

*Gj6rEyiP.t Biochem Jour., 29, 700, 1935. 

• Rciclutoin. S.. Griissner, A . and Oppenauer, R.* Nature, 132, 2S0, 1933. 
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(IryluK it Is orilinarili* carried out rapidly under pressure. The 
activity of vitamin C is not afTected by IiIkIi acidity in prescrvetl 
fruit juices. Copiier utcusiU favor iimctivation of vitamin C and 
it is adversely affected hy ultra-violet light. 

Vitamin C occurs most abundantly in the following foods: 
tomatoes, oranges, lemons, raspberries, sprouted grains, raw cab- 
bage, letture, rutabaga and s\wle. It is present in smaller amount 
in grapefruit, orange pt'cl, string-beans, onions, peas, malt and white 
j>otntoc.s, and in variable quantity in cow’s milk in proportion to its 
presence in the food ration. 

Ascorbic achl is found in high concentration in the .suprarenal 
cortex and mwlidla, ami in corpus liitcum. 

There is no evidence of storage capacity in the body for vitamin 
C. Although evidence is accumulating that there is a parallelism 
between the ascorbic acid content of fewds as determinefl chemically 
and their anti-scorb\itic effect t!»U kuoule<lge has not been put into 
general application. It is e.xpecte<l that tissue assays and determina- 
tions of capillary permeability may lea«! to an inde.v of vitamin C 
requirements In healfli and disease. 

Ascorbic acid in the dose of O.o mg. per day has been found suffi- 
cient to prevent vitamin C deficicnej* in guinea-pigs. 

The unit for vitamin C is the activity of 0.1 cc. of fresh juice of 
the lemon, Ciima Umonum. 

The es.sential r6le of vitamin C in the bod^' is believed to bo that 
of an Oxygen carrier. It is able to perform this function by virtue 
of its power of reversible oxidation. On this basis ascorbic acid Is 
looked upon ns a promotor of oxidative sj’stems in the tissues. 
That this is highly probable is shown by Euler and Klussmann' 
who iiave demonstrated tliat scorbutic tissues have low o.xygen 
capacities which can be resfore<l by tlie addition of ascorbic acid. _ 

The outstanding clinical effect of a deficiency of vitamin C in 
man is tlie production of s«irvy. Tliis condition is too well knowm 
to necessitate a description of its patliolog^- and sj-mptoms. E\u- 
(lence is accumulating however to show’ that there are maiy’ persons, 
especiail} children, who are in a sub-scorbutic state. This is mani- 
fested by studies on capdlary permeability, which according to 
Wolbach" is due to a failure to form functionally perfect intercellular 
substances. The same investigator, wdtb Howe* noted a similar 
deficiency in the abilitj- of the body to form cementing substances 
in the teeth. This latter obsen’ation lias received some degree of 
confirmation by Hanke* in his statistical studies on children in 

> Euler. It., von, aad Kliusmaon. E.s 2«tscbr. 1. Physiol Chew.. 219. 215. 

'^‘^Wolhach, S. B.. and Howe, P. R.: Areh. Path and Lai) Med. 1.1.1920 

‘ Hanke, M T • Diet and Dental Iloalth, Clueaeo, The University of Chieago 
Press, 1933. 
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Chicago A\lio were treated iiitli lar^ doses of orange juice in an 
attempt to control gingivitis and dental caries. 

Of special interest to clinicians is the frequent obsen’ation of 
peptic ulcers which dewlop in guinea-pigs on partial vitamin C 
deficient diets, ^\^lethe^ tliis has any bearing on tlie human nicer 
problem is not known. 

Vitamin D (Anti-rachitic Vitamin).— Through the combined inves- 
tigations of Steenbock and llosenhcim and Webster^ it has been 
determined that \-itamin D is a sterol with the formula C27H420 
formed from another sterol (ergosterol), by the action of ultra- 
violet light. Ergosterol is therefore lookerl upon as the precursor 
of A’itamin D. In man ergosterol is found in association with chole- 
sterol in many tissues, especially the skin. The ergosterol of the 
skin is converted by the direct action of the ultra-violet rays in 
sunlight. In the laboratory, ergosterol may be converted by low 
voltage a--rays, the slow discharge, and radium emanation but 
much less effectivelj than by filtere<l mercury vapor lamp light. 

The two most potent artificial preparations of vitamin D are 
vitamin of Windaus el a!., 42,000 International anti-rachitic 
units and Calciferol of Askew et al. with a potenc}' of 40,000 I. A-r. 
units. Tliese are both in purified crystalline form. 

It is not at all certain that ergosterol in nature maj not exist in 
several forms. Serious discrepancies have been noted between the 
anti-rachitic effect after irradiation of quantitatively determined 
equal amounts of ergosterol from several sources. It is probable 
that the active substance obtained by irradiation of ergosterol is 
only one of many of its stereo-isomers, and that ergosterol is not the 
only precursor of vitamin D. 

The human does not synthesize ergosterol but obtains it from 
animal and vegetable sources, the most abundant supply being 
obtained from cod-liver oil, halibut-liver oil, turbot-liver oil, egg- 
yolk, whole egg, milk, butter, lettuce, yeast, and many cereals. 
It is found constantly in association with fats. 

Vitamin D is exceedingly stable to oxidation and heating and for 
all practical purposes commercial and domestic methods of food 
preparation do not reduce its activity. 

The International Unit of vitamin D is I mg. of a standard solu- 
tion of irradiated ergosterol. 

As with other vitamins, the amount of vitamin D in animal foods 
is influenced by the food sources of these animals. Thus w’ide 
differences in the ergosterol content of cod-livers has been found 
in cod from different geographic locations. Seasonal supplies of 
vegetable ergosterol are variable and as a result the vitamin D of 
milk fluctuates with this drange. The vitamin D content of eggs 
can be increased by irradiation of hens. 

' Roacnheim and Webster: Bwchem, Jour., 20. 537, 192G; Ibid , 21, 389. 1927. 
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TIic crfiostorol from the fowl U alfeorixHl from the intestine ami 
(lej)osif(Hl In tlio ti-sstios of man, largely in the .skin. It is an exam[»le 
of .storape by .scprcpatinn. On dcnintid, and follmvinp irradiation 
by penetratinp nltrn-\ iolct m.vs, the activated crposterol is absorbed 
into the circulation and distributed tlirmiphotit the body. As far 
as has been dcterniineil it accumulates in certain areas, especially 
at pnitits of bone formation and in tlie great arteries and kidneys. 
Although the evact mode of interplay l»etwcen activated ergosterol 
and other body metabolites lias not been determined there is suffi- 
cient evidence to say that it is c-onnettai with the absorption and 
utilization of calcium and pbosphonis. Current indications are 
that vitamin I) increases nlisorption of calcium and phosphorus, 
thereby raises the blood phosphate atid/or calcium levels, ami brings 
about iiidircetly an excess concentration of ionized calcium and 
phosphorus in those areas where the enzyme hexosephosphatase is 
most abundant. The action of this latter agent is to hydrolyze 
organic phosi>liorus coinpounds and cause a high boluljility product 
between taleium and phosphorus (a local .supersaturation), and the 
consc(juent deposition of caleimn phosphate. Cnj (1*00:. The 
point of high concentration of the phosphatase being in the bones, 
it is olivious that the formation and deposit of calcium phosphate 
will be in these areas. 

The Mim total effect of vitamin I) therefore is to conserve the 
net balance of phosphorus and calcium, that is, tlie cllfTereiice be- 
tween the amount of these minerals nlisorbed and the amount re- 
mobilizcd and tending to be excreted. 

The increasctl acidity of the intestinal contents under tlie admiiiis- 
tration of vitamin I) Is believes! by Drunmiond to bo an indirect 
result of the metabolic activities just described and not from local 
cfTect.s on intestinal flora as postulate*! bv others. 

Tile connection between the role of the parathj roids and vitamin 
D ill calcium mctaiiolistn has not been satisfactorily cleared up. 
Evidence that vitamin U stimulates the paratliyroids or makes 
parathyroid seerctioiis in the body more available has not been 
confirmed. 

The foregoing effects on bone formation are ebaracteristic of 
rickets and it lias been definitely shown tluat rickets is a vitamin 
<leficicncy <li5ease, especially avitaminosis D. Massive clinical 

Mtamin D is therefore callc<l the antl-rachltic vitamin. The rble 
of irradiation or ultra-violet iifdit, in the prevention of rickets Is 
now attributed entirely to its activating effect on ergosterol in the 
skin. Adult human skin contains 0.42 per cent ergosterol. There 
can be little doubt that ultra-vdolet light may penetrate the skin 
to depths sufficient to reach the storetl ergosterol. That it acts 
m ergosterol in the blood of skin capillaries lias been alleged but 
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not proven. It is more difficult for these light rays to penetrate 
dark pigmented skins therebi* jjossiblv aceonnting in part for the 
prevalence of rickets in negroes. 

Categorically, vitamin D is a cause of rickets through its deficient 
intake, absorption or activation. Con^•c^sely, an adequate supply 
and pro]>er utilization of this vitamin M'ill prevent and cure rici\.ets. 
The prophylactic dose is appareiitlj' much less than that of cure. 

The supply of ^•itamin I> may be augmented by increasing the 
quantity of vitamin D-containiiig foods, or by the administration 
of vitamin D concentrates. TJ)c cffectivejicss of the supply may be 
increased by artificial irradiation of food sources or of the body 
surface. Among the concentrates Calciferol and vitamin are the 
most potent (40,000 and 42,000 International Units per milligram 
respectively). Viosterol (irradiate<l ergosterol in vegetable oil) has 
a potency of 250 times the standard for eo<l-H\ er oil. The American 
Anti-raehitic Unit is that amount of vitamin D which vhen uni- 
formly distributed into the standanl vitamin I) deficient diet ration 
(ration 2903, Jour. Biol. Chent., 64, 203, 1925), will produce a 
narrow and continuous line of calcium deposits in the metaphysis 
of the distal end of the radii and ulme of standard rachitic rats. 

Accumulated trials of natural foods, augmented foods, and 
artificial concentrates of known vitamin D potency point to 16(K) 
units daily as the average amount re<iuire<l for prevention of rickets 
and 3000 units for cure. Vaiying potency of natural and prepared 
sources makes it ver\’ difficult to determine accurate dosage in 
practice. Viosterol 250D Is the best available preparation of vitamin 
D which is on the market. .As a preventive of rickets it is given in 
the dose of 8 to 10 drops per day. One quart of milk (summer) 
contains, on an average, not more than 200 units, butter varies 
from 0.8 to 1 unit per gram, cod-li\er oil 50 to 150 units per gram. 

Vitamin D has been implicated in the production of dental caries 
but Klein and McCollom have brought forth evidence that deficient 
phosphate is of more importance in its production than a lack of 
the vitamin. The same observers link up the pathogenesis of 
pyorrhea with the same mineral deficiency. 

Soon after the high potency vitamin I) preparations were per- 
fected reports began to accumulate of the harmful effects of alleged 
overdobage. The clinical and pathologic findings in this condition 
seemed to warrant the use of the term hj'pervitaminosis D but sub- 
sequent investigators liave suggested that there may be some toxic 
agent in the materials used which causes tlie pathologj'. Harris and 
Moore* believe that their studies on foods and products of various 
potencies have shown that their alleged toxic effects were paralfel 
to their vitamin D potencies and that the toxicity of preparations 

‘ Harris, L. J., and Moore, T.: Jour. Biol. Chem , 23, 261, 1929 
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of irradiated crgostcrol h the same as their calciferol contents. 
Their conclusion is that vitamin 1) is itself toxic. 

Vitamin D iiitovicntion is on exa/jgeration of its physiologic 
action: blood calcium and phosphorus is raised and there is an over- 
deposit of bone salts at the cpiph>*i>c3 and an acaimiilation of cal- 
cium salts in other systems, especially the arteries. Calcium excre- 
tion shifts from the feces to the urine. General body tissue calcium 
may be greatly dimlnishctl. Wth these pliysiologic changes may 
go rni)i<i loss in weight and more serious symptoms of a general 
nature witli the possibility of a fatal outcome. 

The amount of vitamin D nccessarj' to bring alwut such serious 
results is from 25,000 to S0,0(XI times the minimum anti-rachitic 
dose. Nevertheless, the newer purified preparations containing 
40,(XK) or more units per milligram are available and being put to 
greater tLsc and so the danger of ovcnlosage is not remote. It is 
unlikely tlint viosterol preparations could bring about harmful 
changes unless iise<l with most reckless abandon. 

Similar danger has liccti pointed to in the current custom of 
exce.ssive exposure to sunlight on the assumption that the ultra- 
violet light will activate ergosterol in amounts far beyond the body 
needs and to an extent which may acutally Iw harmful. This fear 
may not be altogether unjustified where young infants are concerned 
and especially those who are on augmented vitamin D diets. 

Vitamin E.— In 1922 Es-ans' rcporteil the e.xistencc of a vitamin 
ju*cessary for normal repro<luction in rats and mice. In carefully 
controlled work on nutrition and the study of the estrous cycle, he 
and Bishop recognized the fact that the other vitamins, some of 
nhich were known to bear some relation to normal reprorluetion, 
could not be held accountable for the peculiarly characteristic forms 
of abnormal gestation in the female animals and the changes in the 
testes of males. To account for this they postulated a new vitamin 
which now bears the designation vitamin E, or the fertility vitamin 
(or antistcrility vitamin). 

Vitaiiiin E concentrates show absorption bands in tlie ultra- 
violet which closely follow' its biologic activity. The ^'itaulin itself 
lias not been isolated. It is fat soluble. 

It occurs ill Nature in the green vegetables and is especially 
abundant in lettuce, spinach, alfalfa and watercress. It is found 
only in the embryos of cereals. Smaller amounts are present in 
some of the vegetable oils. _ ... 

In spite of its close connection with reproductive functions it is 
found only in minute quantities in the organs concerned. Its 
highest concentration in the animal body is in the fats and muscu- 
lature. 


• Evans. H. >f.- Science, S6. 650. 1922. 
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Rats fed on \'itamm E-free diets may not show the effect of 
withdrawal of the vitamin over as long a period as is required for 
the birth of four litters. This is ^ven as evidence of an efficient 
storage mechanism. 

Vitamin E deficiency’ in females results in a blasted embryo. 
Although the female is also believed to suffer from the lack in a 
more general manner it is the embryo which is mainly involved. 
Development of the embryo does not proceed beyond a certain 
point and is resorbed. 

In the male, deficiency causes characteristic changes in the sem- 
iniferous tubules. There is degeneration of the epithelium until 
there is nothing left but the cells of Sertoli and the’ interestitial 
Leydig elements. The condition is progressive and irreversible. 

Tliere are no evidences of the presence or need of vitamin E in 
man and only preliminary indications that it ma\’ be necessary 
for rabbits, poultry, sheep and cattle. 

Vitamin r.— See vitamin Bi. 

Vitamin G.— See vitamin Bj. 



chapteh XII. 

THI-: DEKICXSE AGAINSI’ N'UTJiri'JONAL DIOI-'KC'l'S. 

DiSTuntHNcr*! of gastric ond intoatiiial dipestion, qualitativo 
and quantitative dyspepsias, constipation, malniitritional states and 
the food excesses anfl tielicicneies present o^'efn helming festin?o»y 
of the ignorance of man as to what and how he should eat. 

From^ all evidence the human instinct is poorly endo\\ed with 
discrimination in the selection and use of proper food. Without 
this inborn capacity he b at the meroj* of his immediately available 
food _ supply, race cu.stom, training, propensity for imitation, 
acquired tastes, and his avid response to suggestion by his well 
meaning fellows, or the ulterior motives of commercial exploitation. 

There is so much habit In race, natiopal, community ami personal 
customs of eating that the average individual denies any insinuation 
that he eats too well or too little or otherwise insults his digestive 
mechanisms. But it is tlie ease with which lie takes up unconscious 
habits that makes the outlook hopeful for the inculcation of good 
habits without painful methods of reform. The intelligent guidance 
of infants, children and youths, without resort to methods which 
will make them dietetic h.vpochondriacs, should raise a generation 
of better enters than their parents. 

The metabolic processes of food digestion, absorption and utiliza- 
tion and the circumstances umier which the nutritive elements are 
obtained and ingested can be the only accurate guides to proper 
diet and eating. Adherence to scientific selection of food does not 
preclude its esthetic preparation or the use of tasty condiments; ou 
the contrar.’i it encourages customs which enhance the attractive- 
ness of foocl anrl makes eating a pleasure. 

There is a basic dietetic requirement for every incllvidua!. Under 
the average conditions of an available \Tiried dietary and tlic means 
to obtain it, it is assumed that this basic level is attained by the 
great majority of people. Although thb may be true for most of 
the individual nutritive efement.s, a well filled stomach and a satis- 
fied appetite cannot be cognizant of a defective supply of essential 
minerals and vitamins. Nor can the satisfied individual know tliat 
his diet is unbalanced or unfavorable in even more gross respects. 
For this reason it is necessarj- tJiat he be given some measure of pro- 
tection against his own inadequades. Such protection can be given 
by the adoption of tliose community anti individual measures that 
embrace the principles of prevention. 

( 114 ) 
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GENERAL PROTECTIVE MEASURES. 

1. On the Total Bulk for Community Needs.— Few comnuiiiities 
today can be independent in their food supply. Through the gro^rth 
of highly urbanized areas there has developed a reduction of the 
facilities for a self-sufficient food supply. Rural communities liave 
become more dependent on distant sources of food because of the 
rapid growth of the canning and preserving industries and the pos- 
sibility of shipping perishable foods long distances by refrigeration, 

As a consequence most people are partly or entirely at the mercy 
of commercial food supplies over which they have no control. Com- 
munity authorities therefore must accept the responsibility of seeing 
that the total food raised in, or shippc<l into their territory is ade- 
quate. They must be preparwl to meet einergenty defects brought 
about by economic c-onditions, physical catastrophies, and significant 
changes in population. 

r.egislati\e measures and sanitary codes can do much to help 
the easy flow of bulk staple foods into and out of communities. 
Conversely restrictive regulations ninth do not give consideration 
to maintenance needs of the populace can do tremendous harm. 
There are abundant instances where such enactments have been 
made in the face of alisolute food shortage in deprivcfd communities. 
Constituted authorities can prevent the purposeful nastage of such 
supplies ns milk and potatoes at any time, and especially when 
many of the underpri\ilege<l are e.\periencing an actual shortage. 

Distribution of food to the necessitous is an acknowledged duty 
of organized communities either through official agencies or volun- 
tary relief organizations. 

Recognition of these principles by a community ns a whole, can 
and will result in better community hcaltli if they are properly 
correlated with economic and social betterment. 

Such blanket measures are conservators of human lives and effici- 
ency and reflect on the health and prosperity of the community. 
In any civilized state there should be no widespread evidence of 
malnutrition in even the lower strata of society. The degree to 
which it is present can be taken as an index of the failure to apply 
Intelligent action to a proven preventive principle. 

2. On the Quality and Quantity of Special Foods.— The amount, 
variety and quality of individual foods may be affected by general 
measures. If it is known that any methotl of processing is injurious 
to the nutrient qualities of a food it may be regulated by law; if a 
monopoly exists in the distribution of an essential staple supply and 
this results in a serious inadequacy' due either to unjustifiable price 
levels or partiality to geographic areas or social groups, restraining 
measures against it can be adopted. Unjust taxation or protective 



no THE DEFENSE AG.UNST NUTRITIONAL DEFECTS 

tariffs may deprive a community of foods for wliicli it is dependent 
on outside sources. 

It is possible tlirougli education to improve tlie quality and quan- 
tity of farm and dairj* products. In the United States this function 
is performed by the department of Afiriculture through pamphlets, 
lectures, radio talks and exhibits. The State Fair is an impetus to 
improvement in .stock and footl products. The amount of these 
general measures which may !« requinxl and the direction in whicli 
tljey sljoulfl be emploj^-tfJ, can only Ije determi/jcd hr accurate 
knowledge of the nutritional health of the community and under- 
standing of the factors Involved In the nutrient value, optimum 
production, and intelligent distribution of food. 

3. On the Individual Nutritive Elements.— Water.— One of the 
first concerns of a community' Is Its supply of drinking Avater. 

Kvorj- inhabitant re(|uircs drinking Avatcr and he makes positive 
that he gets it from his own stream, spring or well or by pooling 
his interests in communal projects. TTie communal system requires 
oversight and with this goes responsibility of regulation. On this 
basis have been built the systems of supply, from the small commun- 
ity well to the reservoirs that involve whole rivers and lakes under 
btate and ftKleral control. Tlie maintenance of these water sources 
involves the assurance of on adequate per capita supply for drinking 
and otlier purjioscs without interruption. When this fails, Avater 
shortage reveals itself in the health of the populace. 

Tlie mechanisms of A\ater mctal>olism reveal enough of the harm- 
ful consequences of prolonged, even partial insufficiency of this 
element, to necessitate efficient control over Its supply. 

Proteins.— Little can be done to influence the protein supply by 
general measures. Poultry, dair?- products, animals and fish are 
the sources most commonly affcctCAl by controlling practices but the 
control is usually not niotiA'atcd by consideration of their protein 
content. It is only indirectly that regulation of their supply or 
distribution influences this niitritiA-e element. In some isolatetl 
oommunities the general protein supply may be limited to occasional 
game animals or fisli. If, Aindcr tliesc circumstances, prohibitions 
are i)lac«l on the captiu-c of game a serious shortage might result. 

Pellagra is a disease of <lefcctive nutrition closely concerned in 
tlie protein supply. There can be little doubt that in communities ' 
where pellagra is present, and in institutions, that those in authority 
can prevent the occurrence of this diMSiee by seeing that the dietary 
contains adequate amotints of tlie required proteins. Various 
agencies can of course encourage the greater use of protein foods. 

Carbohydrates.— The present tendenca- is more toward a per capita 
excess consumption of carbohydrates tlian toward reduction. The 
average yearly consumption of sugar {ler capita in the United States 
is 115 pounds', an increase of over 500 per cent in the last fifty years. 
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Candy sales liave jumped enormously and the use of other forms of 
carboli^ dratefoods, sucli as corn sj’nipand bread show largeincreases. 

General measures against this unprecedented consumption must 
reside in education. If tlie public health authorities shy from incur- 
ring the disapproN'al of Chambers of Commerce, other agencies can 
direct their propaganda against this hairoful practice. 

Fats.— The control of fat consumption in any general way is 
almost entirely limited to Federal Kcgulations on the sale of butter 
substitutes and the fat content of milk. By maintaining the power 
of inspection through its iMeat Inspection service of oleomargarine 
made from animal oils government can assure a known product for 
general consumption. It has no control however over oleomargarine 
made from vegetable sources. One of the measures of the nutritive 
value of milk is its fat content. In most communities a required 
percentage of fat in whole milk is fixe<l by law, and milk which has 
this percentage becomes the standard milk for sale in the community. 
The standard fat content of milk adopted by the United States 
Department of Agriculture is 3.25 per cent. 

Although the purpose of setting a minimal amount of fat in milk 
is not entirely to insure a milk of specific nutritional value it does 
influence the quality of milk fat supplied to a community. Because 
of its nutritive value and vitamin content a high fat-content milk 
is a better milk. Children and infants fed and reared on covr's milk 
may suffer materially if the milk is persistently below standard 
requirements. In one foreign countrj- the prevalence of xeroph- 
thalmia was taken to indicate that the milk supply, most of which 
was imported tinned milk, was inadequate in fat. On this observa- 
tion alone the import standard was raised from 3.25 to 3.50 per 
cent. A high standard milk tends to encourage breeding of cows 
which will give high quality milk. 

The various liver-oil preparations now marketed for their vitamin 
content are standardized in America under the Food and Drugs 
Act. 

Pflineral Elements.— When the relationship between endemic 
goiter and iodine A\as recognized various companies commercialized 
this knowledge by integrating iodine salts in their products. Table 
salt was the most popular. In some localities government regula- 
tions acre made requiringaJl table salt sold to contain a measured 
amount of iodine. Subsequently, it has been found that iodides 
in salt deteriorate and so lose their effectiveness. Furthermore, 
it was soon realized that the indiscriminate use of iodide by the 
general population took no account of those hypersusceptible to it 
and those with thyrotoxicosis. As a result the more common prac- 
tice at present is to permit the sale of both iodized and iodine-free 
table salt hut to insist that those brands containing iodine be so 
labeled. 
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In sonic coiniminities MKliutn iiKlide ia aiMed to the general 
water supply (Hneliestor, New York). Sodium iodi'do added hi the 
amount of tUiOl poiimk jkt l,nni),0tX) gallons results In 50 parts 
per I,(K)0,0W),00() in the tap water delivered In the elty of Iloelioster. 
This 19 10 times the amount found noraially in the city water. 

If either of these measures pro^e pmeticiil and harmless they 
will undoubtedly diminish the iiieidencc of endemic goiter in goi- 
trous regions. 

Municipal water plants generally carry out careful analyses of 
the mineral content of their water supply. The great number of 
commereial, household and personal uses to wliieh water is put 
lU'ccssitates a knowleilge of its niineral content under all of the 
conditions that eause it to varj', such as season, rainfall, dual sources 
and changes in eatehment areas. Although the reasons for know ing 
the amount and kinds of minerals present are largely comniercial 
and industrial, the hardness or softness of water has considerable 
influence on the liealth and cleanliness of the consumers. The laxa- 
tive or constipating elfeet of a change of drinking water brought 
about by a change of residence Is common observation. Bejond 
the possibilities of bacterial contamination of the water this influ- 
ence U due almost entirely to the proportion and concentration of its 
dissolved minerals. The mineral salts mostly involved are calcium 
and magnesium, which predominate In hard water. Over long 
periods of time e%‘ery iiKlIvidual consumes enough of these important 
dements to have an important bearing on his total intake of minerals. 
There is some evidence that populations living in areas In which 
the water contains a high percentage of calcium manifest a relatively 
high incidence of calcification of the arteries. It is evident that 
the importance of the water supply as a source of necessary mineral 
food elements will lie invvisely proportional to the availability and 
supply of these elements in other foods. 

The mineral content of the water supply can be deliberately 
raised or lowered. Gross sediment can be remo\ed by filtration 
and settling b.ssins; very fine huspciuled particles must be coagulated 
or precipitated. For the latter, almmnuin sulphate (alum) or sul- 
phate of jron .ire used. Ilanl water may be softened by the use of 
lime and soda asli, permutit, distillation or condensation. 

Additional emphasis on the necil of lietter understanding of the 
effects of dissolved minerals on tlie health oi the consumers is given 
hy the recent revelation that “spotted enamel" of the teeth is caused 
by a high fluorine content of the drinking water. 

Much rem.sins to be known nlwut the importance of the mineral 
salts in water to the disease conditions in which they are concerned, 
but siiould present suspicions be verified, the control of the mineral 
content at the water source or before it reaches the consumers, 
should be beneficial. 



GENERAL PROTECTIVE MEASURES llO 

4. On Group Food Habits.— The iiuHviduality of communities, 
nations and races in respect to their food habits is a subject of com- 
mon remark. Thus, a locality' may have a reputation for a self- 
imposed monotonous dietary; a nation may be known as addicted 
to food excesses or the subject of specific deprivations; or a race 
may have its customs of eating restricted by prohibitions. As a 
result all indi\'iduals of these groups are consciously or subcon- 
sciously the subjects of the group habits and customs. Infants and 
children cannot choose their food but have it provided for them 
under the selective control of their adult guardians who were 
brought up under the same circumstances. If there are any harm- 
ful elements in the quality or quantity of food provided, they are 
perpetuated througJi tills cycle of impressed habits. A few examples 
of the better known group habits may be cited: the predominance 
of hominy, corn and beans in the southern part of the United States; 
the peppered dishes of Mexico; the high sugar and white-bread con- 
sumption in the United States; the heavy meat and potato meals 
of the English; the elaborate cuisine of the French; the predomin- 
ately rice diet of the Orient; the Hindu restrictions on meat and the 
limitations of the Jews to kosher food. It is not argued that all of 
these are essentially harmful but that in the absence of other supple- 
mental foods or qualifying circumstances they may be so. Unfor- 
tunately many of these customs are grounded in economics. The 
diet of many communities in the southern part of the United 
States, which is so conducive to the development of pellagra, is 
largely necessitated by the inability to obtain a balanced diet. 

Harris’ speaks of “Sugar-saturated, vitamin-starved America.” 
This is an indictment of the American public on its unintelligent 
acquiescence to the pressure of commercial enterprises which have 
succeeded, in the space of a few decades in imposing a whole new set 
of habits upon it. Advertising, makers of palatable and attractively 
attired sweets, food fad promotors, favored tarilfs to traders in 
sugar, “health” drinks and sweetened beverage manufacturers, have 
all played their part in making America sugar-conscious. 

The only reasonable defense against harmful group habits is 
education. Food acts and legislative measures against false claims 
in advertising, and adulteration of food, or possibly even the control 
of food faddists, can hardly be expectetl to be effectiv’e without the 
intelligent understanding of the people as to why sucli regulations 
are necessary. 

Habits that are rooted in long-standing custom can only be up- 
rooted by widespread instruction and the presentation of construc- 
tive substitutes tliat liave specific appeal to local tastes. Where 
prejudice, superstition, or reli^ous beliefs limit the diet in important 


> Ilarrss, SeaJe Am. Med, 94, S37. 192S 
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food clomciits no eiiactnicnts by law, or moral reforms can hope for 
siia-ess in changing existing customs unless they work subtly to 
alter the conditions on wliich the customs are founded. 

Child education is the most efficient field for intelligent reform. 
By teaching school children gcanl habits of eating and the principles 
of dietetics while they are studying the graded courses of hjgiene, 
a new generation of good eaters can be raised. 

Social and economic reforms can bring about dietary changes in 
c-oinmunities more rapidly than any other method. In a measure 
the people are bought off ami embrace the changc.s in food along 
with the other changes. 

Physicians should plaj’ a great part in the public instruction in 
this matter. They can fulfil this function through such agencies 
as parent-teacher poujis, school Imrds, local clubs and institutions, 
published articles in lay maga7ines and the press, and their coopera- 
tion ill every sound movement which alms to instruct, educate and 
advise groups of people as to how and what they should eat. 

The 'piiysician in private practice is no Jess obligated to help 
spread the knowle<lge of good eating habits than the doctor occupy- 
ing an official administrative position or in public health work; his 
circle of influenc'c may he smaller but he is frequently in a position to 
lie more impressive than the doctor speaking in his official capacity. 

Industrial physicians and those connected nlth institutions roust 
face the challenge of such conditions as pellagra, scurvy, and nutri- 
tional anemia, and should never allow them to appear in their 
charges. School board appointees or medical adi isora should have 
a thorough understanding of the hygiene and gron-tJi requirements 
of children and should insist on their privilege of scrutinizing every 
proposal which may bear on.thesc essentials. 

Inestimable improvement should follow the application of blanket 
preventive measures against nutritional defects. Even with inade- 
quate knowledge of many of the nutritional factors and ignorance 
of the mechanisms involved in the natural historj' of many suspected 
food-deficiency diseases there is hardly another line of prevention 
which can be more effective. Scurvy in the British Na%-j- fell before 
the onslaughts of intelligent use of an empiric observation centuries 
before the discoverj’ of vitamin C; rickets has all but disappeared 
in groups and localities where propaganda and control have estab- 
lislicd efficient diets and hygienic habits ol living lor their children. 

It is not too prophetic to belies'e that the incidence of diabetes, 
pernicious anemia, sprue, pellagra and many forms of gastric and 
intestinal dysfunction can be reduced by continued efforts to under- 
stand their causative factors and the application of effective pro- 
tective measures against them. With this should come a generally’ 
improved state of growth, development and radiant health in the 
general population. 
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PERSONAL PROPHYLAXIS. 

The ideal diet is the phj'siologic diet. The ideal practices of 
eating are those based on phj*siologic principles. If causative 
factors other than those embraced under nutritive elements did not 
plaj* a part in the maintenance of health and causation of disease 
it ^\-ould be possible for any individual to be in perfect physiologic 
health by conforming strictly to physiologic requirements. But 
because other factors are involved this is an ideal never to be at- 
tained. The multiplicity of factors is the basis for saying “one man’s 
meat is another man’s poison.” Diet h a strictly individual problem. 
Although any one individual may be heavily influenced by environ- 
mental circumstances which affect the nature of his food supply, 
what he likes, what he eats and what is “good” for him is his own 
personal concern. In the main therefore the individual, in full 
possession of his faculties and independent in his choice and use of 
food, is the final arbiter of his diet and habits of eating. 

In the previous section It has been shown how the individual may 
be influenced by law, persuasion, suggestion and education. Per- 
sonal prophylaxis involves personal choice in so far as it can be 
applied under the conditions set up by the environment; it is the 
conscious or habitual application of knou-n pre\enti\-e efforts after 
the operation of the general preventive measures have exerted their 
effects. 

Individual Tastes for Pood.— The infant, soon after weaning, 
e.xhibits likes and dislikes for certain foods. It is difficult to explain 
this on physiologic principles but relatively easy to trace the reasons 
to psychic factors. Careful observation of the food habits of a young 
child will generally reveal that a certain like or dislike for a food is 
based on such things as mimicry, association of the food with un- 
pleasant experiences, injudicious force or persuasion, unesthetic 
preparation, punishment, misguided rewards and pampering, the 
influence of other associated habits and physical-mental states and 
the unintelligent assumption that a child can judge what it needs. 
On top of all these msiy be the ideas and prejudices of fanatic par- 
ents (and grandparents) about infant feeding. 

Attempts have been made to determine whether man can select 
his food in response to physiologic demands. It is admitted offhand 
that water-lack produces its own needs and is interpreted as thirst 
and that the required bulk of food is met by appeasing hunger. It 
is alleged that physiologic demands for salt operate in a subtle way 
to see that enough of it is obtained and that if it is not in sufficient 
quantity in the diet it will be automatically sought for. 

Clara Davis' has made an important contribution to the science 
of dietetics through her experimental studies on self-selection of 
> Davia, Clara: Am. Jour. Dts. Child., 36, 651, 1928. 
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foods by infants and younK cinidrcn. She Ims shown that these 
vliildren can and w ill .select foods of varying (juality and quantity 
and that tliis selection over a period of time will satisfy physiologic 
needs. However, their ranges of choice were not wide and tlie foods 
offered presented the possibilities for a balanced diet. There 
appears to be no evidence in her studies that there is any conscious 
or subconscious choice of materiaN which could be interpreted as 
an attempt to satisfy tbc rctpilrcnicnts of individual food elements. 
The important part of Davis’ work is the proof that children relish 
siini)Ie foods well prepared and ser\'cd, even though offerecl with 
monotonous repetition; that food habits are e.xtrcmely labile; that 
the alleges] insults to digestion as praetisee! by hungry children may 
be .sliocking to sophlsticatce! appetites but, unless they are highly 
e.xeessive, do not harm the children. It Ls as.sumccl that tlic food 
ofTertsl is wholesome and intelligently selected and prepared. 

The peculiarities of appetite in pregnancy can be put down to 
personal whims of une.xplaincil origin, coupled with the general 
affections of the appetite common at this time. Although it is 
claimed that there is an alkali deficit in pregnancy there is no cer- 
tainty that the tendency of pn-gnant women to inilulge in base- 
forming foods can he called a pIiy.siologic response. 

It Ims hecn said tlmt I’lca, or dirt-eating in children is an example 
of a habit growing out of a nedl—in tliis case calcium. Most 
pediatricians do not hold this view* but point to the habit as n dis- 
tinct perversion wliicli manifests itself most commonly in mental 
ilefectivos, and tlmt It bears no relationslup to calcium needs al- 
though the latter may bo co-c.xistent with it. 

On the whole tlicre (low not appear to l>e any well-founded exam- 
ple of the selcetiou of a food for the filling of a specific physiologic 
need. 

The factors common to the formation of most habits and customs 
seem to be the only explanation for tbc choice of food in health. 
Where the refusal to oat an article of food is not based on icliosyn- 
crn,sj to it or actual indigestibility, a harmful deficit of some one or 
more important food elements may result. A child who can take 
milk without .suffering from hypersensitive reactions but will not 
drink it because it doesn’t like It, is handicapped in its optimum 
nutrition. The same is true of eggs, many vegetables, and in some 
children, even of meats and fniits. These few examples indicate 
tiie possibilities of vitamin and mineral inadequacies that may 
result from persistent dislikes. 

Adult iiabits may be no Ie.ss harmful than children's. It is not 
uncnmiiion to find people who beliew that they cannot eat certain 
meats, fried foods, milk, eggs and other staple foods e\'eri though 
there are no signs of idiosyncrasy or derangements of digestion other 
than tlioso brought about by their harmful habits of eating. Tlicse 
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habits are frequently the rationalized results of faulty training in 
childhood. 

There is a further tendency to limit the dietary with increasing 
age. The author is familiar with an clderlj’ lady of high social 
position who developed pellagra because of her peculiarly limited 
monotonous diet. 

The problem of personal prophylaxis against qualitative defects 
in the choice of food resolves itself largely into one of inculcating 
broad likes for food in childhood. On the basis of Davis’ observa- 
tions and many e.xamples in comnron experience it can be said that 
infants and young children can learn to like anything. Some of the 
most distasteful dishes to the adult palate are eaten ^^ith relish by 
children. 

It is most important therefore to serve children well, to give them 
a moderately variable diet but not all of the highly specialized dishes 
of the adult table, to take into account every recognizable psychic 
factor which might influence their taste for a food, and to regulate 
other habits which might have a licaring on their manners and cus- 
toms of eating. 

The adult must be infonncrl of the foolishness of his nhims and 
shown the possibilities for harm in hU senseless habit. Success in 
bringing about a change of habit reejuires education in physiology 
and dietetics in order that there may be a permanent intelligent 
base for tlje new con\-iction. 

Digestibility and Compatability of Poods.— Most foods ordinarily 
oaten by man are readily digested and can be taken in endless com- 
bination without harm, \\1iat is interpreted ns indigestihility is 
more often faulty digestion unconnected w it)) the kind of food eaten 
and due to other causes, or it is a gastro-intestinal disturbance 
brought about by bad foo<l such as infected meat, sea-food, milk 
products, etc. 

I.,ean meat and meat well-done are equally digestible when con- 
sidered in terms of the ability of the digestive ferments to retluce 
them to their end-products. Tlie digestion of the proteins in an 
onlinary meal is according to Atwater* 92 per cent complete. 
Hawk and his co-workers have made e\haustive studies on the 
digestibility of all varieties of foods and there is nothing in their 
findings that would indicate that any of the commonly used animal 
protein foods are indigestible. Furthermore the relative digesti- 
bility of different animal foods, if measured by the time that they 
remain in the stomach, show sudi slight differences that they may 
be considered equally digestible. Sea-foods are as digestible as 
meats. 

Wien proteins are taken in large amounts there is a tendency 
for them to remain longer in the stomach and if the intake is exces- 
> Atwater. W. A.: rarmet's Bull. 142, U. S. Dept Aetic , p 24,1002. 
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sive it may readily lend to a sense of fulness and discomfort. It Is 
probably for this reason that cheese is considered indigestible, it is 
generally eaten at the end of a meal which has itself produced a 
feeling of satiation. 

B(>ile<l milk is more rapidly emptied from tlie stomach than raw 
milk and milk drunk rapidly is more readily digested than milk 
which is taken in sips. Whole milk is passed out of the stomach 
more quickly than skimmed milk. ^Iliese differences in milk are 
largely due to the size and consistency of the curds. Boiled milk 
curds are small and flaky and skimmetl milk cuhIs are large and 
tough. Milk taken rapidly forms smaller curds than sipped milk. 

Kggs prepared in different ways also show tendencies to vary 
in the length of time they remain in the stomach. Raw white of 
egg is the most rapidly evacnated; raw yolk and raw whole egg 
show more delay than raw white alone; hard boiled eggs remain 
longer than soft boile<l, and poachetl and fried eggs arc equally as 
digestible as boiled eggs. 

Of the vegetables it may be sahl in general that the higher the 
protein content and the smaller the undigested residue the longer 
they remain in the stomach. On this basis beans are more slowly 
evacuated than otlier vegetables and the leafy green vegetables 
leave the stomach more rapidly than potatoes. 

Pastries are no more indigestible In themselves than any other 
foods. It is only when they contain large amounts of sugar or fats 
llu\t their en^ptying time is tlelaywl. 

Put foods are generally slowly evacuated but this is modified 
in part by the extent to which the fat is incorporated in the foods. 
When pastry is frietl in deep fat the cooking coats the pastry base 
with a layer of fat, and it leaves the stomach more rapidly than 
when the fat permeates tlie pastry as in slow cooking. 

Sugar in tea and coffee and the fat in cocoa delay the emptying 
time of these foods. Concentrated sugar, whether in solution or solid 
form is handled slowly by the stomach. Sweet potatoes remain 
longer in the stomach than plain white potatoes. 

It is quite obvious tliat side from thoroughness of cooking, which 
in itself favors digestion, the apparent digestibility of foods is 
greatly dependent on the bulk of fo^ in the stomach and the length 
oi time that it vemains titere. YwtWiTOUit, tidAVcturi 
digested foods to a meal that wx)uld otherwise be rapidly digested 
will accentuate the belief that the foods are incompatible. 

If carbohydrates remain too long in tlie stomach they undergo 
fermentation so that in adrlition to tlie stomacli contractions against 
the bulk of food, there may be added gaseous distention. Such dis- 
comfort may very readily be misinterpreted as due to some one or 
more indigestible foods In the meal. 
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Rehfuss' has recently shown that the belief in the incompatibility 
of protein and carbohydrates taken in the same meal is entirely 
erroneous. Moreover it is an impossibility to prepare a meal of 
common foods without a mixture of these two food elements since 
all animal foods have some carbohydrate in them. 

Continued lack of respect for the above observations can readily 
lead to chronic forms of indigestion. Although the stomach can 
deal with almost any tj pe of food singly and most types in reason- 
able combinations, it can be embarrassed by sttrfeits of proteins, 
carbohydrates or fats. Disturbances of the motility of the stomach 
and intestinal tract resulting from altered balances of tlie mechan- 
isms of peristalsis may produce the common functional dyspepsias. 

McLester^ points out that the order in which the foodstuffs are 
taken in the occidental menu is in good correspondence with the 
satiety values of the foods. The opening course of soup with meat 
extracts calls forth gastric secretory* activity by direct chemical 
action and by psychic response. The entries and main meat course, 
largely* protein, ha^’e a high satiety* value which is proportional to 
the amount eaten. Vegetables containing starch add to the satiety 
already begun. Salads with oil dressings cause the foods to remain 
longer in the stomach and intestines, and the sweet dessert enhances 
this still fvirther. 

Meals and Eating.— Hunger is the fundamental factor under- 
lying the number of meals taken in a day and the way in which 
they are spaced. Some of the other factors concerned are age, habit, 
economic status, opportunity or lack of opportunity to stop for a 
meal, psychic attitudes toward food and the presence of some under- 
lying physical condition which increases or decreases appetite or 
digestion. It can hardly be said that there is any definite or normal 
number of meals to be taken in twenty-four hours. Enough has 
been revealed in the previous sections of this chapter to show that 
habit, tastes, physiologic needs and kinds of food may* all modify a 
person’s appetite and the satisfactions obtained from eating. 

Physiologically, the stomach retiuires a number of hours or 
minutes to empty itself of a given food. If any one or a combination 
of foods lias given satisfaction by* reiuo\uiig hunger there can be 
little physiologic demand to continue eating. Conversely*, when the 
feeling of satiety has passed off the processes of hunger will begin 
again, and demand more satisfaction. Such a cycle would be en- 
tirely physiologic in a person who is free of undesirable psychic 
attitudes toward foods, whose habits of eating are of minimal 
importance to him, and who has no disease conditions which w*ould 
create abnormal reactions to food. He would probably eat only 

• Rehfuss, M. E.; Jour. Am Med. Assn , 103, 1600, (November 24) 1934. 

* McLestcr, J. S : Nutrition and Diet in Health and Disease, Philadelphia, W. B. 
Saunders Company, p. 140. 1031. 
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wlicii lie was Iiim^jry niul only a’* iiuicli as lie would need to fiatUfy 
it. Tills manner of catiiiR would not neees‘>arily assure Iiim an 
ndcfiuatc diet but would pndwbly n-sult in a sunicient Imik and 
caloric intake. The diet of tlic infant U of this nature. Milk has 
a .satiety value for the infant but it is not of lotiR (luration. Kxperi- 
cnc'e of the race and the demands of the infant cause tlie mother to 
nurse the child at frequent intm'als. Pediatricians formalize this 
hunger cycle by instituting rcgidar feisling hours thereby anticipat- 
ing distre.ssing hunger and inaugurating pliysiolngic rhythm. These 
two, with good quality milk and adociiiate (jnantitie.s of it at each 
feeding, meet all of the Infant’s plij'siologie demands and train 
digestive responses. 

In the older infant tlie same principles are applied to a more 
tsnnplcx dietary and this is kept up in cliiJdhond ns long ns it can 
be made csimpatible witli iiiciva.sing emotional attitudes toward 
food and rapidly ileveloping habits of eating. In the n%cragc adult 
the underlying physiologic clcmands are almost unrecognizable 
beneath hia complex habits. 

The adult has just as many physiologic needs as the infant hut 
beenuse his greater freedom of action lets him cat rvhen and ns he 
pleases it injcumes jxissible for him to enjoy a liigher degree of flex- 
ibility in Ids dietetic liablts. 

With the exception of the long interx'n! during sleep, the time 
between meals for the adult averages about six hours. It may be 
that three meals of high nutritive and satiety value in twenty-four 
hours is the phjsiologic optimum for the human. TJie morning 
meal may be early or late in relation to the beginning of the day 
and the midday meal may lie taken when opportunity permits but 
the average person usually p-artakes of Ijoth. The evening meal 
is generally the formal ine.al and the one most likely to be complete. 
Reversal of tlie meals is commonly seen, some eating large hreak- 
fast.s and small suppers, and others dining most heavily at mid- 
day , but on the average the meals .arc spaced about six hours apart. 

The final judgment of the individual as to the proper time for his 
meals and the amount to 1)C taken at each should depend on the 
satisfaction of thn’c rcciuireincnts: that the total quantity in tnenty- 
four lunirs sliall meet the caloric needs; that enough of all nutritive 
elements to present deficiencies arc supplied in the total foods 
taken over a given period of time; and that the intervals between 
meals are not so short as to cause overloading of the .stomach and 
intestines, or so long as to create harmful physical and mental 
responses to liungcr. 

Eating lictween meals is not harmful per sc, but all individuals 
cannot indulge themselves outside trf meal times ^Yithout interfering 
with their appetite or digestion. Children cannot Judge whether 
or not a sweet taken before dinner will interfere with their appetite. 
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But common experience shoe's that candies and sweetened beverages 
taken soon before dinner do interfere with the appetite of tiie major- 
ity of children and it is generally considered to be a harmful habit. 
This probably is a fact. On the other hand there is no evidence that 
a few sweets well spaced between meals are harmful. There can 
l)e little doubt that if the child’s morning meal could be less hurriedly 
eaten and the school luncheon more intelligentK" planned much of 
tlie difficulty of the extra sweets problem would be removed. 

The adult habitual between-mcals eater is generally a poor 
regular meal eater. This is excepting the hea\w worker who finds 
it difficult to satisfy his appetite at meal time. Nor does it include 
the common use of the late night supper following a long evening. 

On the whole, regular hours of eating are more conducive of good 
<ligcsti\'e Jjcalth than irregular meals. There is a degree of education 
in the digestive processes and the upsets which result from a change 
from regular to irregular meals is due as much to disturbance of 
trained rhythmic responses to foo<l as to the psychic attitudes 
brought about by the new regimen. 

Since the discoverj' of the conditioned rcllex by Pavlov much has 
been wTitten about the psychic response to foo(i. It is urged that 
we come to the meal in a happy, congenial frame of mind and refrain 
from liecoming angry or emotional while eating. 

The person who is in a poor mood to eat generally eats poorly. 
There may he less gastric secretion, and pancreatic and intestinal 
stimulation as a result of his unappetizing attitude toward food but 
what is equally important, he cats too little and selects his food 
poorly, or eats too rapidly. 

On the other hand when every one is happy and caro-free around 
the table it is no assurance that the iligcstion of the meal will be 
as pleasant as the occasion. Overeating and poor judgment in the 
number and variety of helpings is as common at the congenial 
board as at the table of the psychically upset. 

The symptom complex that follows a meal taken under mental 
stress is called nervous indigestion. The experience of this condition 
is so universal that the relation of cause and effect is unquestioned. 
If the mental perturbation cannot be avoided it is best to eat a 
little of the simpler foods offered and hope to supplement the meal 
later. 

One of the most important mechanisms of eating is the mastication 
of food. iMuscle fibers, starchy foods and green vegetables are 
more readily reached by the digestive juices when they^ are in the 
comminuted state. This results in more rapid and complete diges- 
tion and less delay in the stomach, both of which are important in 
preventing overloading of the gastro-intcstinal tract and in'complete 
digestion with consequent undesirable fermentation and putrefac- 
tion. Poor mastication generally means that the food is bolted 
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and this is often accompanied by tbe swallowing of air (aeropliagia). 
It is generally believed that swallow'cd nir is a more frequent cause 
of distention of the stomach and belching than the gases produced 
h^’ fermentation. Overemphasis on mastication is as liarmfu! as 
undcrchewing. The retention of food in the mouth for a long time 
just In order to chew it creates in itself a morbid attitude toward 
food. As a result less food is eaten, and there are frequently dis- 
tressing consequences, .such ns loss of appetite early in the meal, 
tlysjihagia througli fear that the food may not Jia\‘e been thoroughly 
chewed, and gastric neurosis from the Mief that any visceral sensa- 
tions which might l>c felt are tine to faulty organic indigestion. 
I'lctclieritca embrace the cult largely because they are of the type 
who are alreadi* over food-conscious. 

(jcneral bodily fatigue depresses digestive functions and If footl 
is offcretl to tbe stomach at this time digestion will be interfered 
with. For this reason «t Is best, when overtired, to rest before a 
heavy meal or to take small amounts of plain food. 

THE PHYSIOLOGIC DIET AND POOD HABITS. 

Tbe most fundamental function oT all organisms is the acquisition 
of mitrient from its environment. It must show' selectivity in its 
choice of foods wlictlicr this be by .simple reflex response as in louver 
forms of life, or by Intelligent judgment. In order that growth, 
development and repair may be possible all essential food elements 
must be available and in a form that can be utilized, and for a 
continued state of health they must be assimilated and metabolized 
by mechanisms which are In tlie condition to dispose of them without 
becoming harmfully unlwlanced. If all of these conditions are 
satisfied the organism is in a state of nutritional health. 

Tlie piiysiologic <Hct tlierefore is one which supplies the elemental 
food principles in useful forms and amounts, and physiologic food 
habits are those which comply with the physiologic limitations of 
the mechanisms of assimilation and metabolism. 

Current investigations in nutrition wntinue to add so mucli to 
tbe knowledge of the importance of the “little things in diet” that 
it cannot longer bo taken for granted that allegetl normal diets are 
optimal diets. Wiile the average dietary of a well supplied and 
regulate<I population may contain enough of the essential food ele- 
ments for growth and life itself there is no assurance that the indi- 
viduals are receiving tlicsc elements in the best possible amounts 
and forms. 

Unfortunately, most people are satisfied with average nutritional 
health. Until education can overcome this complaisance toward 
less than the best, it devolves on those in authority and who know 
the facts to see tliat the others are protected from their ignorance. 
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Ail of the blanket measures against defects of nutritive elements 
have this as their aim. 

There can be little excuse for failing to apply known preventive 
principles in dietetics. Although the number of known nntriti\'e 
elements may be increasing they are all available in common foods. 
Even with the addition of the vitamins, minerals, and salts to the 
list of necessary food elements there has not been a single “new” 
food added to the diet. All of these newly discovered or recently 
appreciated substances have either been available or already in use 
for a long time. A\Tiat has now become necessary is the establish- 
ment of mechanisms that will insure an equal spread of the staple 
foods containing all of the essentials, to all classes and ages, irre- 
spective of whether they have the intelligence to understand the 
reasons for their use or the will to use them. 

The term “balanced diet” is becoming a popular phrase. If this 
is not to become just anotlicr fad in the minds of the unthinking, 
something must be done to see that the balanced diet becomes an 
unconscious habit. The only w’ay this can be done is to see that 
the materials to balance the diet are available to all at reasonable 
prices. This means simple foods and fortunately again it is the 
simple foods w’hich contain all that is needed. 

All of the basic requirements for an adult daily diet will be met 
by one kind of meat, 2 eggs, 2 cooked vegetables, 2 fresh \egetables 
or salad, some fruit or fruit juice, butter, whole wheat bread, and 1 
pint of milk. The meat may be animal or fish protein; the eggs 
may be prepared in any manner desired or incorporated in puddings 
or custards; the vegetables can be starchy or green, but the two 
should be ^'aried from day to day to prevent monototny; tomato 
juice may be substituted for fruit juice; and rje bread can be used 
in place of whole wheat bread. 

On this basic diet all desirable variations in the cuisine of the 
sophisticated table may be constructed. Because food appetizingly 
prepared has a valuable psychic effect favorable to digestion it 
should always be given consideration. This is especially true wdth 
finicky eaters w’ho are poor eaters at best. Overstimulation of 
gastric response by excesses of highly seasoned condiments is a 
physiologic insult. 

The carbohjdratc content of the adequate diet is sufficient with- 
out the addition of crystal sugar. Artificial sweetening of food 
“at the table” is an acquired habit and if it is indulged in should be 
done with restraint. 

The undigested component of the meat, vegetables, fruit and 
milk supplies enough roughage to stimulate the intestine, give 
bulk to feces and aid elimination. If laxatives are required on a 
basic diet it is because some element such as fat or carbohydrate 
has been taken in an amount not in keeping w’ith the requirements. 
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Considerable stress is laid today on the add and base-forming foods. 
In the basic diet the aeid-forming meats will be outbalanced by 
the base-forming vegetables, fruits and milk, which is to be desired. 

As a result of individual inability or unwillingness to correct 
faulty habits of eating and to sclc^ wholesome foods, digestive 
disturbances are the common lot of mankind. Self-correction of 
diets is generally unsatisfactorj’ because the cause of the indigestion 
is misinterpreted and the corrective effort is wrongly directed. As 
a result the sufferer is open to suggestion from ajiy source and this 
is too often as fallible as his own. lie then becomes an easy prey 
to commercial c.'^ploitation, food cultists and the practical dietitians 
among his friends. It is unfortunate that so many of the food fads 
and advertisements contain so much truth, for in the case of nutri- 
tion, half truths arc exceedingly dangerous. Fletclierism ovcitloes 
an important physiologic principle; vegetarianism limits the diet 
to these essential foods but a vegetarian diet can hardly be varied 
and complete enough to satisfy protein and fat requirements; fast 
days rest the stomach and encoiiinge insults on the other clays; 
fruit and nut diets can never in themselves satisfy body needs; 
internal bathing with massive \oIumes of water can do no good 
and has a deleterious effect on the activity of digestive secretions; 
reducing diets arc too unintelligently arranged and applied to Iw 
effective without the danger of deficiencies of many kincls. 

The heat general advice for a health maintenance diet is to know 
broadly what the food essentials arc and to snake sure that they are 
all obtained. The soundest individual advice is to balance the 
quantity of foods first and then plan for variotj , avoid all e.xcesses, 
and eat regularly. 

It is a false assumption that the cultivation of food-consciouaness 
breeds lij-pochonclrlacs. It is tbe liyjmchondrlacs who view food 
from the wrong angle. 

It is probable that tlie present known role of nutritis-e elements 
in the etiologj of disease is but a shadow of what is to come. Every 
phase of clinical medicine and es-erj' brancli of the medical sciences is 
concerned with nutritive factors ns causes of disease or as partici- 
pants in important disease mechanisms. TOierever they have been 
so revealed a step has been taken toward the prevention of the 
conditions in which they arc imolvecl for "To obstruct or intercept 
a cause is to prevent or dissipate its effects." In no other field of 
preventive practice is there more hope of success than in the science 
of nutrition. 



CHAPTER XIII. 


CATEGORY III: EXOGENOUS CHEMICAL AGENTS. 

THE PROCESSES OF POISONING AND INTOXICATION. 

The dictionary definitions of a poison are too inclusive to permit 
the use of all substances which they embrace as categorical causes of 
disease because they include the noxious chemicals ^\hich develop 
within the organism; i. e., the endogenous poisons. Although the 
split-protein products that arise in the gastro-intestinal tract and 
the harmful products of metabolism, such ns the toxic substances of 
uremia and diabetic acidosis, are poisons, they do not arise de noro; 
they have an antecedent histoiy in the disease processes in which 
they are concerned and do not of themselves initiate pathogenesis. 
As poisons they are incidental factors whicli may or may not arise 
in the course of pathogenesis, and this in any given instance is not 
inevitable and dependent on their presence. It is necessary therefore 
that a true chemical poison which can initiate disease must originate 
outside of the organism; i. c., in its external environment. (It Is a 
specious argument to say that the lumen of the gastro-intestinal 
tract is external. Although substances in the lumen have not yet 
been assimilated and entered into body cell activity they have 
been influenced by, and taken part in, many digestive mechanisms.) 

Distinction must be made between the chemical substances of 
the nutritive elements and those of the external poisons. It has 
been shown that the nutritive elements serx’e a useful purpose in 
the growth, development and repair of body tissues by virtue of 
their chemical nature. Exogenous poisons are also chemical sub- 
stances, and their action involves diemical change, but they serve 
no useful purpose and do liarra. There are some chemical sub- 
stances that can be placed in botli categories because at times they 
serx'e nutrition and at others act ns chemical poisons. Iodine is an 
example of this dual capacits’. Iodine taken in physiologic amounts 
is essential to the normal activity of the thyroid gland but the same 
element used in another way may cause severe burns. It is not 
sufficient to say that exogenous chemicals perform no useful func- 
tion and do harm but to qualify the statement by adding "in the 
amounts and manner in which they are acquired.” Thus, iodine 
in physiologic amounts and taken by way of the gastro-intestinal 
tract is a necessary nutritive element, but when placed on the skin 

( 131 ) 
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or a mucous membrane in strong solution it is an exogenous chemical 
poison.* 

The conditions to be satisfied for a substance to be placed in the 
category of exogenous chemical agents are: it must depend on 
chemical action for its eirects on the body; it must originate in the 
externa! environment of the organism; and it must do liarm but 
perform no useful function in the quantity and manner in which it 
is actpiired. 

A strict differentiation l>ctncen chemical and physical action 
has become impossible. It is customary to consider the intcrmolec- 
ular exchanges of tlic Ingher onlers ns cliomical and the subatomic 
phenomena as pbyalcnl. Among the chemicals are those which 
exert their harmful effects on the body by virtue of subatomic 
energy exchanges. Wien this is true of a chemical substance, such 
ns rn<num, it will not be included in the category under discussion 
but reserved for the section on physical forces and energies. 

CLASSmCATlON OF POISONS. 

Since the category of exogenous chemical agents recpiircs that the 
toxic substances approach the organism through its environment 
it becomt*s important to know the sources of the poisons and the 
manner in which they arc nc(iuire<i. Practical application of pre- 
ventive principles necessitates that Ijarn'ers be interposed between 
the poisons nn<I the elements of the organism on which they act. 
For this reason the most useful classification within this category 
would be one in wliicli the agents are arranged according to the way 
in which they areacfpiirc<J. 

The following classification of external poisons and intoxicants 
aims to present them in a form to which the principles of prevention 
can be elfcctively and practically applied: 

Exogenous Chemical Agents.— ClassifictI according to mode of 
acquisition. 

I. By Inhalation 

II. By Ingestion 

III. By the Skin and Other Parenteral Tissxies. 

THE PROCESSES OP POISONINO. 

The ultimate cfTect of all poisons is on the cellular elements of the 
body. This nmj’ be so destnictivc ns to cause the death of cells or 
so relatively innocuous as to interfere only with their function by 

> The poisonousncss of a «ub»tsncc cannot be considered as an inherent quality 
of the substance any more than »t ran be aoid thjt man >a a murderer. Man may be 
.a murderer under certain circoio-lances, nnd any substance may act as a poison 
under a fyten set of conditions Even the most useful physiolopo substances can 
produce harm when administered to the body m unaccustomed amounts or manner 
and when they do so they must be considered oa poisons 
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altering the character of their membranes, cytoplasm, nuclear 
elements or cj'toplasmic extensions. 

The extent of damage produced by a poison depends on the nature 
of its effect on the cells primarily expos^ to its action and the rela- 
tive dependence of these cells on other tissues and functions of the 
body. Thus the effect of carbolic acid which destroys the cells in 
a limited area of the body surface remains localized, but when 
arsenic, chloroform, carbon monoxide, or digitalis are absorbed 
they not only influence organizations of «!lls locally but the func- 
tions of other systems dependent on them. The processes of poi- 
soning may be as simple therefore as coagulation of the protoplasm 
of a few almost independent cells or as complex as changes leading 
to the death of the whole or;ganism. 

The normal processes of cells are balancetl mechanisms between 
themselves and the cellular organizations of which they are a part. 
Poisons act at first as harmful factors in the environment of cells 
and they may be restricted to this type of activity. Thus a poison 
in solution in pericellular fluids may alter the character of the liquid 
environment to such an extent that it interferes with the functions 
of the cell without entering the cell itself. On the other hand the 
poison may enter the cell from the environment and become a factor 
in the intracellular mechanisms. 

Poisons frequently show selectivity In the cells which they affect 
so that where they may be poisonous to one cell type or tissue they 
are not necessarily so to others. This is evidenced by such specific- 
ity as the effect of digitalis on the neuromuscular mechanisms of the 
heart; strychnine on the motor side of the brain and spinal cord; 
mercury on the kidnejs; carbon monoxide on the red blood cells. 
Selectivity appears to be of the nature of chemical affinity between 
the poison and the specific protoplasm, but its real mechanism 
remains unexplained. 

Tolerance. — A mildly irritating substance applied to the skin can 
be dealt with by the tissues in proportion to the ability of the 
cells to preserve their equilibrium within their limits of tolerance. 
This may be influenced by individual or local circumstances such 
a?i idiosyntarasy or Viyperseriihrcencss to the poison concerned, and 
factors that favor chemical action, like heat and moisture or the 
type of skin involved. The conception of cell tolerance is of extreme 
importance in chronic poisoning. Heavy tobacco smokers, coffee 
drinkers, arsenic eaters and cocaine habitues probably possess a 
high tolerance for these substances. So little is known about the 
intracellular changes which occur on the introduction of a poison 
that the problem of cell tolerance remains unsolved. 

With the exception of the reactions of the body to a small number 
of the vegetable poisons and snake venoms, and the toxic products 
of parasites, there is considerable question whether the cells and 
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tissues prwiucc aiiti-poisoiis siidi ns are found in the processes of 
immunity. It seems best at this time to restrict the use of the word 
immunity to those processes in which specific antibodies are pro- 
ducwl. ^ In some of the occupatioiml dermatoses the apparent 
sensitivity of the norker to the poison is variable from time to time 
and some individuals working under the same conditions never 
show any harmful reaction to it. Tliis is loosely spoken of as im- 
munity, hut until it is definitely estaWishctl that immune bodies 
are formed against the simple chemical poisons, the apparent 
Immunity to them must be laid to their defense mechanisms. 

Landsteiner* has recently presented evidence tliat the reactions 
to simple chemicals, tissue immunity, and hypersensitiv’eness may 
he phases of immune mechanisms. 

In the instance of tolerance to arsenic it is shown that the resist- 
ance is one of increasing tnahillty of the cells of the intestinal mucosa 
to absorb tiie metal, for if arsenic is injccterl into the body of an 
"arsenic cater," he is no less tolerant to it tlian one unaccustomerl 
to its use. 

It is probable that tolcrnnw to most poisons is an enhancement 
of blo-cliemical reactions, i. e., certain cells increase their power 
to oxidize, reduw, dissociate or detoxify poisons which are brought 
to them in increasing amounts or In .small quantities over a long 
period of time. In many Instances there are definite pathologic 
changes in the cells upon which the entrance of the poisons into the 
body depends so that the noxious agents can no longer reach the 
cells and tissues wliich they would otherwise affect. \Miere such 
pathology docs not occur the e.xplanntion must be sought in the 
intracellular chemical mechanisms. In these instances marked 
changes may be apparent in the functions of the cedis but they arc 
readily retunicd to normal. The action of chloroform on the cells 
of the central ner\'ous .system exemplifies such physiologic, but not 
pathologic change. Morphine also causes physiologic changes in 
the nerve cells of the brain but they are reversible and the cells 
maintain their power of restoration against increasing doses of the 
drug. ^ , 

MacXider® has recently demonstrated in experimental animals 
that the resistance of fixed tissue cells to toxic substances may be 
due to a metaplasia. lie showetl that uranium nitrate given sub- 
cutaneously to dogs in varj’ing amounts produced different patho- 
logic changes in the epithelial cells of the convoluted tubules. 
Dosages of 2 mg. per kilogram bo<ly weight produced dcgenerati\e 
changes followed bj- repair and restoration of normal function. A 
second injection of the same amount is followed by a repetition of 
the first changes, the cells endencing no resistance to uranium. 

I Landsteiner, K : Kew Engliuid Jour, ^fetl . 216, ilOO, 1930. 

1 MacNidcr, W. tIeB.. Science, 81, 601, June 21. 1935. 



THE PROCESSES OF POISONING 


135 


Dogs which received 4 or 6 mg. per kilogram and survived showed 
metaplasia of the epithelium of Ae convoluted tubules. Reintoxi- 
cation of the animals with doses not exceeding 8 mg. per kilogram 
failed to produce degeneration of the cells. Similar observations 
were made on the effects of uranium nitrate on liver cells with the 
same general results. MacNider concludes that “A tissue resistance 
to certain chemical substances may depend upon the development 
in tissues, as a process of repair following injury, of an altered type 
of resistant fixed tissue cell which maintains a sufficient degree 
of functional effectiveness to enable the organism as a w’hole to 
sur\’ive.” 

The elimination of poisons is one of the most important protective 
mechanisms. This may occur through any one or more of the exter- 
nal excretory or secretory processes. 

The deposition and elimination of a poison depends on many 
factors. In some eases mechanisms for ejection come immediately 
into play, such as vomiting, diarrhea and coughing. Diluents may 
be pour^ out from secreting surfaces and be sufficient to mitigate 
the effect of the poison completely. When a poison has an affinity 
for some special type of cell or tissue there is a tendency for it to 
concentrate at that point and its subsequent disposition and elimina- 
tion will depend on the metabolic processes and relations to excretory 
mechanisms of the tissues concerned. Thus, lead tends to accumu- 
late in osseous tissues and is eliminated In the activities of bone and 
mineral salt metabolism. Arsenic 1$ stored, reabsorbed and re- 
stored several times over in the liver, and will be lost to the body 
only as it becomes involved in some secretory or excretory process. 
Tile fate of poisons is greatly dependent on tlieir physical state. 
Volatile substances have a fleeting action and are lost very rapidly 
through the respiratory circuit, whereas colloidal and particulate 
substances are more often taken up by phagocj'tic cells and their 
stay in the body is thus prolonged. The physiologic activity of 
tissues and organs at the time that the poison reaches them has a 
bearing on their effect; thus it is known that there is less danger of 
absorbing lead from the stomach in the presence of active digestion 
of food. Pce-oxisting paiholog}' can alter the eHminatioa of a poison 
by changing the course through which it would ordinarily pass into 
other channels. The recaldtrance of tlie mucosal cells of the intes- 
tine to arsenic may be an example of this shunting effect. The 
dissociation products of poisons are so varied as to preclude any 
generalizations on their final channels of elimination. 

From the foregoing discussion it can be seen that exogenous 
chemical agents have a diversified and sometimes highly compli- 
cated natural history. The stotj' of lead poisoning is an example 
of how much of its natural history is concerned with the sources 
from which it is acquired. From ^ preventive point of view this 
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bfcornea of more iiiijjortaiicc tliaii the full knowicdpo of its Iwrmful 
dfccts witliiri tlio body. 

Ncvortlieless, comploto Hiidcrsfaiiding of h poison must include 
its entire natural liistory. At present, knowlcilffe of most poisons 
is limitcfl to frapinents of their natural liisturies but enough is 
known of tbeir sources, the w-a,\'s in which they ate acquired, and 
their modes of action to permit olTective prophylactic measures 
against them. 

POISONS ACQtHRED BY INHALATION. 

The process of breathing-in is the only essential requirement in 
this classificntion. It Is not ne<-cssai^‘ that the harmful substances 
affect the respiratory system in any way, Tbe agent may be en- 
tirely innoeuous to the structures of the nose, thro.it or lungs, and 
need not even enter the body tliroiigh the linings of these parts. 
Thus, lead dust in the air may !« inlialctl and accumulated in the 
nose and naso-pharynv but it does not follow that lead poisoning 
results from absorption at these points. On the contrary the Iea(l 
<Iust is washtsl into the pliaiynT by the secretions of the nose, 
mouth and throat and is then snallowcd. 

The corollary to tlic requirement th.at the no.xious agent be 
acquired by inhalation is that it must be respimide, that is, in a 
condition to lie inspircfl. Gasw, particulate matter in suspension 
in the air, and vapors, harmful in themselves or containing to^ic 
substances in fiohition in tbeir droplets, are the forms in whidi 
poisons can be inhalcsl. The mechanisms of poisoning by inhaled 
agents are doterniined by the specific chciojcal reactions between 
tlic poison and the cclK concerned, and for this reason, differences 
arc found between the effects of tbe same substance entering through 
different portals and thus first meeting witJi different cells and tis- 
sues. It Is of greatest importance tlicrefore to know that a given 
poison may be acquired through inhalation. Furthermore, the 
protective mechanisms against the entrance of a poison through 
the respiratory tract differ widely from those of other channels of 
entry. 

Preventive measures against inhaled poisons must take cogniz- 
ance of tilt mawnct iw whvcU they get iuto tlie resplrahle state. 
Wliile it will be impossible to enter fully into the discussion of all 
of the factors invoh-cd in each poison, empliasis will be placed on 
where and how it exists in tbe ennronment and through what 
processes it becomes inhalable. 

Noxious Gases, Vapors and Fames.— Carbon Monoxide (CO).— 
The oldest source of carbon monoxide historically, is from the in- 
complete combustion of smoldering or hanked fires. 

With the advent of the use of peat and coal for fuel the probabili- 
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ties of carbon monoxide poisoning increased so that stokers and 
fire tenders became frequent Wctims. The domestic coal store and 
furnace have furnished many fatalities. 

Illuminating gas from either natural or artificial sources has been 
the most common cause of carbon monoxide deaths. In the United 
States it accounted for 917 deaths in 1932. Some of these were 
suicide. 

Accidental deaths from iiluminating gas in homes result from 
leaking pipes, faulty meters, and the flow of gas from an unlit jet. 
In the last instance, the light may be blown out, the gas may be 
accidentally turned on by jarring a loose key, or the gas pressure 
may fall so low as to permit the light to be extinguished by a draught 
of air. 

Carbon monoxide is a common meniice in deep mines where it is 
produced in large quantities from blasting, explosions and mine 
fires. 

The internal combustion engine gives off large amounts of carbon 
monoxide through its e.xijaust. In closed garages without ventila- 
tion the gas may accumulate so rapidly ns to cause death in a very 
few minutes. It is estimated that in the average sire priv'ste garage 
(10 by 10 by 20 feet), an engine running at idle for the purpose of 
warming-up on a cold day will ghe off enough carbon mono.xide in 
three minutes to produce definite toxic symptoms and may cause 
death in five minutes. This fact has become so generally known 
that it has been turned to account as a means of suicide. 

It is seen then, that carbon mono.xide poisoning may occur under 
most varying and unsuspected circumstances. The only single 
generalization that can be made about its origin is that it always 
results from the combustion of hydrocarbons and that the combus- 
tion is incomplete. 

Carbon monoxide is inhaled directlv and is absorbed through the 
alveolar mucous membrane. There is no protective mechanism 
in the upper respiratory tract which can influence its concentration 
or chemical character in any way. The only prerequisite to poison- 
ing is the concentration of carbon monoxide in the inspired air and 
the time over which it is inhaled. It is ^xirioHsly estimated that 
concentrations of 0.2 to 0.5 per cent is irrespirable, but amounts 
less than this may still be poisonous. Henderson and Haggard* 
combine the factors of time and concentration to arrive at a toxic 
index. They state that “when the time of exposure in hours multi- 
plied by the concentration of carbon monoxide in parts per 10,000 
of air equals 3 there is no perceptible physiologic effect; when it 
equals 6 there is just a perceptible effect; when it equals 9, headache 

* Henderson, Y., and Haggard, H. W.: R«p. {N Y.) State Tunnel Com , 1921. 
See also, Rosenau. M. J., Preventm Afedicfne and Hygiene, D Appleton ife Co., 
Kew York. 1931. p. 857. 
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and nausea arc inducc(I;nnd when it equals 15 or more the conditions 
are dangerous.” It is obvious that any knowledge of concentration 
can be had only when tlie conditions under wJiich it is produced are 
relatively fixecl. This can be estimated in some of the industries 
but can rarely be anticipatcfl in providing for proper ventilation 
in builditigs where coal-fuel and illuminating gas are in use. 

The poisonous effect of carimn monoxide is due to its chemical 
aflinity for hemoglobin which is some !?(H> times greater than that 
of oxygen. Because of tliw the oxygen is crowiicd out as it were in 
favor of the carhnn monoxide and the tissues in general suffer from 
anoxemia. The carbon monoxide docs not affect any of the cells 
directly, and the rc.spiratorj* failure, weakness, headache and all 
other sjTnptoms are due to the deprivation of Pvygen. It is said 
that even the erythrocytes are not harmed. Carbon monoxide is 
not stable and as soon as the source of turbon monoxide is cut off 
the combination in the blood is broken up. Generally, therefore 
a person who does not die immediately from an acute attack from 
this gas will recover if he is remove<l to a c.srbon monoxide-free 
environment. The scqueljc of carbon mono.xide poisoning are the 
results of tissue damage done at the time of anoxemia and not due 
to the retention of carlwn monoxide. 

Carbon monoxide has no <mmulative effect and any chronic 
poisoning due to it can result only from continued Ion* grade exposure. 
The headache, weakness and nausea occasionally seen in garage 
workers and furnace and oven tenders is not so much a chronic gas 
poisoning as a chronic exposure to poisonous gas. It Is alleged 
that policemen stationed at busy traffic centers may suffer from 
such so-called chronic carbon monoxide poisoning. Measurements 
of carbon monoxide in the atmosphere of city streets reveal con- 
.siderable amounts of carbon monoxide and it is not too much to 
expect that it may have some influence on those e.xposed to it con- 
tinuously. 

Tobacco smoking has recently come within the possibility of 
causing mild symptomatic effects from carbon monoxide. There 
is undoubtedly a considerable amount of carbon monoxide gener- 
ated in the smoldering cigar, dgaretteand pipe and tJiose who inhale 
mouthful after mouthful of smoke must take in some of this gas. 
GcUle? and Matticc' have slwwn a. tURnltely lughec concentration 
of carbon monoxide in the blood of tobacco smokers than non- 
smokers. 

It must be re-emphasized that these are low grade concen- 
trations and the anoxemia must necessarily be of the same order 
and probably very temporary. _ ^ . 

Carbon monoxide is colorless and odorless and is non-imtating 
to the respiratory passages. The first indications of its presence in 

' CetUer. A. O . and Mnttife, M.R,: Jour. Am. Med. Aasn., 101. 92. 1933. 
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toxic amounts are due to its effects on the blood and tissues. In 
acute poisoning these are so rapid that a dangerous state may be 
reached without warning and this, combined with an early iijability 
to call for aid or to help oneself, makes carbon monoxide one of the 
deadliest of poisons. 

Carbon Dioxide (COj).— The most common source of carbon 
dioxide poisoning is in mines where this gas accumulates as the 
result of the action of air on oxidJ 2 able material. 

In conjunction with nitrogen (87 per cent), carbon dioxide (13 
percent) itmakesup the dread “black damp” of mines. It occurs in 
any closed space where the products of oxidation can accumulate 
and is therefore found in wells, vats, silos, caves and other ill- 
ventilated, confined spaces. 

^Vhile it remains as a definite danger in these places its concen- 
tration in poorly ventilated rooms in amounts sufficient to produce 
ill-effects is considered much less likely than was formerly supposed. 
The explanation of the malaise, dizziness, etc., commonly complainetl 
of by people in crowded quarters is now generally laid to other 
enA’ironmental factors. Ex'cn in mines, man}- of the Imrmful effects 
are to be attributed not so much to the increase in carbon dioxide 
ns to the decrease in oxygen. The concentration of carbon dioxide 
in air, necessary to produce detrimental effects is about 7 per cent, 
although lower figures may cause discomfort. It requires o^ er 20 or 
SO per cent to be dangerotts to man. 

Carbon dioxide is a strong cerebrospinal stimulant and under 
normal conditions is responsible in large part for the processes of 
respiration. Poisoning from carbon dioxide is an exaggeration of 
this effect. Like carbon monoxide, the double oxide is non-irritating 
to the respiratory epithelium and is not a tissue poison. 

Under average conditions carbon dioxide rare!}' accumulates 
in public rooms, sleeping quarters, etc., in concentrations above one- 
half of 1 per cent. In certain industries which deal with the oxida- 
tion and fermentation of vegetable substances, such as in the manu- 
facture of beer, the concentration may rise to 3 or 5 per cent and 
very rarelj- to as much as 12 per cent. At the lower figures workmen 
have no contpl&ints which ooald be attrtbut&hh to carbon (hoxhie. 

Acute carbon dioxide poisoning is therefore largely confined to 
mining and the Jess frequent accidents in other industries. Deaths 
have been reported of men who were working in empty linseed oil 
vats, and in wells and sewers. It is almost entirely an industrial 
hazard. 

Hydrocyanic Acid Gas (HCN). Prussic Acid.— Volatilized hydro- 
c}-anic acid may arise from the add itself or b}- displacement from 
its salts. In this form it is colorless, and possesses an odor of peach 
blossoms or oil of bitter almonds. 

The pure acid is seldom seen outdde of the lahoratoiy, that which 
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is sold in plmnnacies ii-,iially twins a 2 per cent .solution or as Shed’s 
acid in the .streiistli of 4 ta 5 per cent. Suflieictit volatilization may 
arise from tlie pure acid to W n «langcr to laboratoiy workers but 
the weakness of the commercial dilute acid possesses little danper 
of poisoninp from its fumes. 'Hie salts and salt solutions of hydro- 
cyanic acid are unstnhie and the ej-aidd radicles are readily displaced 
hy air so that smclIinR and Iwathin/* those chemicals is always 
potentially jlnngcnms. I’otnssinnt c^-atiid is used by photographers, 
lithographers and eleetrotypc^rs. Although it is employed hy them 
in solutions which are relatively harmless insofar as the amount of 
poisonous vapor they give nIT is concerned, there is always some 
danger in the preparation of the solutions from the pure salts. 

The delilwrate generation of hydrocyanic .acid gas in large amounts 
is seen in fumigation. It is prwliiooil by dropping sodium cyanid 
into a dilution of commercial sulphuric acid in water. (One ounce 
of .swliiim cyanid to each ounces of a mLvtiire of sulphuric acid. 
IJ ounces, in 2 ounces of water.) The amount of sodium cyanid 
used to prcxluce a suflicicnt concentration of hyilrocyanic acltl gas 
varies with the purposes for which it is intended, TJie destruction 
of mosquitoes is accomplished in onc-half hour by one-half ounce of 
sodium ejanid per 1000 cubic feet of space to be fumigated, while 
lice are killetlonl.N afterancx|K»siircof two hours togas produced from 
10 ounces of sotUum cyankl per 1000 cubic feet. Because of the 
rapidity with which this gas Is gcneratcil and its high volatility the 
workers must either drop the sofllum cyanid (hag and all) Into the 
sulphuric acid solution on the run, or resort to some mechanical 
tipping des ice whicli can lie operated at a distance. Most fatalities 
have occurred among workers who lave entered the fumigated 
sp.acc before all of the gas had been removeil by ventilation. Cyano- 
gen cldoridc lias recently come Into use as n fumigant. It is highly 
toxic and penetrating hut less lethal than hydrocyanic acid. An 
advantage in its use lies in its irritating and lachryinating properties 
which give warning of its presence in Ie5»s than fatal amounts. 

Many cases of mild and severe poisoning are reported among 
silver and gold cleaners and platers. In these instances the moist 
cyanid salts give oiT sufRcient hytlrocyauic acid vapor to he inhaled 
in harmful quantities. 

'L'ht to%K action of hytlKwyanic axiid depends upon its direct 
cfTect on protoplasm and indirectly upon asphyxia brought about 
by the formation of cyaiihemoglobin, a stable compound which 
reduces the oxygen carrying capacity of the eiytlirocytcs. The 
blood is rendered a bright red. 

Nine-tenths of a grain of anhydrous hjxlrocyanic acid has been 
known to produce death hut the mmimum lethal dose is generally 
regarded as nearer 3 to 5 grains. Tliis latter dose is equivalent to 
45 minims (3 ce.) of the ofHdal dilute acid. Tlie single salts of 
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prussic acid arc less toxic than the acid but their effect is the same. 
The double salts, such aa potassium fcrrocyanid, are non-toxic. 

Hydrocyanic acid is one of the most rapidly acting poisons known 
but death is seldom as instantaneous as reported. Jlost deaths 
occur within two minutes t«> one hour. An overwhelming inhalation 
of hydroc\anicacid gas may appear to produce death almost instan- 
taneously, but there is probably always a short latent period with 
unconsciousness. TJie cj-anid salts show a much more prolonged 
fatal period and death may not occur for twenty-four hours. 

Dcto.xification of cyanid in the body is brought about by combin- 
ation with sulphur to form the snlphocj’anids. These compounds 
are eliminated laigely through the kidneys but also appear in the 
saliva. Chronic cyanid poisoning is accepted as a possibility by 
many. It is probably a raritj and it is likely that many instances 
are not due to inhalation of \olatiIe hydrocyanic acid but to inges- 
tion of very small amounts of the salts. A tolerance to cyanid 
has never been described. Those who cannot accept the possibility 
of chronic cyanid poisoning base their scepticism on the fact that 
health examination of emploves in factories where solutions of 
hydrocyanic acid were in constant use showed no discoverable dis- 
turbances of health and also because small amounts of the acid are 
readily converted into harmless siilphocyanids. There can be no 
question that many workers receive sub-lethal doses on occasions, 
but this does not imply cumulative or progressive chronic poisoning. 

Suphur Dioxide (SO-).— This is an irritant gas with the odor of 
burning sulphur and its presence in the air depends upon processes 
in which sulphur is burned or in which sulphuric acid is produced 
or employed. Two of the earliest of these processes were the use 
of sulphur dioxide for fumigation and the manufacture of sulphuric 
acid. In the former, sulphur candles wore burned in sealed rooms 
with the liberation of sulphur dioxide and in the latter sulphur 
dioxide was formed by roasting pyrites in the old “lead-chamber” 
process. 

Sulphur dioxide is now used in the bleaching industries and is 
employed in the cJjemical tjpes of liousehold refrigerators. Under 
ordinary circumstances the sulphur dioxide in these processes is 
produced within sealed chambers anti imisoning should occur only 
through carelessness, accidents or faulty mechanisms. 

Due to its irritating properties, the inhalation of sulphur dioxide 
results in a spasmodic reflex contraction of the glottis. Even in 
dilutions of 0.01 parts per thousand of air the irritation may be 
severe enough to produce this reaction. Much less than that 
amount w'ill act .as a wariunf' b.\ throat and eye irritation. 

Sulphur dioxide is soluble in the water on the surface of the mucous 
membranes of the respiratory tract and this solution results in the 
formation of sulphurous (H-SOj) and then sulphuric (II2SO4) acids. 



H2 CATEGOIiY III. EXOdBUOUS CHEMICAL AGENTS 


Tile latter aeld is liljjlily caustic and most of the subsequent syuip- 
toms and pathology, edema, conp^tion, pneumonia, dyspnea, cyan- 
osis, txillapse, are due to this added effect. 

Tlicrc seems to be a tolerance to sulfdiur dioxide, for many work- 
men become accustomed to working in ntmospiicres 3 or 4 times as 
eoneentrated as that unikr wbieh first began work and which 
produced iint'onifortable irritation. The sulphuric acid is eliminated 
in tile respiratory tract secretions. 

Hydrogen Sulphide (IIjS). Sulphorettcd Hydrogen.— Wien organic 
matter decomposes under iiatuml or artificial conditions a putrid 
gas with the odor of rotten eggs is given off. This gas is hydrogen 
sulphide. It is colorless, transp-ircnt, little heavier than air, and 
burns with n blue fl.ame. 

There Is a surprisingly large number of occupations and situations 
under which aulpliurettc<l hjdropcn has been generated unsus- 
pectingly in concciitratioirs sufficient to cause death. A few of the 
more common are: sewers aiwl drains, sludge pits, fat tendering 
Iilants in the manufacture of soap, illuminating gas works, nell 
cleaners, glue and lubricant manufacturers, the manufacture of 
coal-tar <i.ves and barium trisulphide (a parasiticide), mlneral- 
uater bottling works, mines (from pjTites), smelting processes, 
streams and lakes coritnminate<I with sewage, and in some ground 
water gases. 

Many cases of poisoning have resulted from the fact that there 
is such a small difference between the amount detectable by its 
odor In the air and the concentration which produces toxic symp- 
toms. Although amounts as small as 0.1 parts per 1000 can lie 
rwognized it-s charactcri-stic smell, 0.5 parts per 1000 ina.\’ be 
rapidly fatal. Concentrations higher than 2 or 3 parts per lOW) 
cause almost instantaneous death. Inhaled liydrogen sulphide 
is absorbed immediately into the blood stream where according to 
Haggard* it is transportecl in a loosely combined state and produces 
its toxic effects by direct action on nerve tissues. Its first action 
appears to be a stimulating one on the afferent \agU3 fibers. This 
jiroduces hyperpnea of a severe grade which results in excessive 
carbon dioxide loss and eventual death tlirough complete apnea. 
Small doses of hydrogen sulphide whicli are only mildly toxic can 
apparently be oxidized and reduced through the formation of sodium 
sulpliide. 

Hydrogen sulpbide is only slightly less rapidly fatal than hydro- 
cyanic acid, the higher concentrations causing almost immediate 
death. Lesser amounts may cause unconsciousness from which the 
patient recovers without any apparent residual effects. Still smaller 
doses produce marked irritation of the exposed membranes of the 
* HsBSard. H. W.. and Charlton, T. J.. Jour Bid. Chem . 49, S19, 1021. 
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eye and entire respiratory tract and slight toxic symptoms such as 
nervous irritability, headache, dizziness, fibrillation and cold sweats. 

Bronchopneumonia is a not infrequent sequela of non-lethal 
poisoning. 

Chronic sulphide poisoning manifests itself in very much the 
same way as the single small dose and it is likely that the alleged 
clironic forms are only repetitions of such small doses. Tliere is 
no evidence of any cumiJative action from this gas but reports 
indicate an increasing individual susceptibility to it after repeated 
exposure. 

Carbon Disulphide (C&).— Tl»e vapor of liquid carbon disulphide 
is given off at ordinarj' room temperature and possesses a sweetish 
odor not dissimilar to chloroform. It is inflammable and heavier 
tlian air. 

Inhalation of this toxic gas occurs most frequently in the rubber 
industry where immense quantities are used as a solvent vehicle for 
sulphur monochloride in the cold vulcanizing process. It is used also 
ns a solvent for oils and fats, as a disinfectant, and in the manufao 
turc of artificial silk. 

Toxic effects may be produced when the concentration in the air 
is 1 part per 1,000,000. Twice this amount produces immediate 
and prolonged intoxication and 3.5 parts per 1,000,000 cause severe 
symptoms and early unconsciousness. Fatal acute cases are prac- 
tically never seen and the main problem today has resolved itself 
into the cases of chronic prolon^xl intoxication. 

Carbon disulphide produces a methemoglobinemia with destruc- 
tion of the red cells. Its symptomatology is due to overstimulation 
and then depression of many parts of the nervous system. Con- 
tinued exposures, leading to chronic poisoning, reveal themselves 
in increasing nervous excitability which may reach the proportions 
of insanity. 

Recoverj’ from chronic carbon disulphide poisoning is slow and 
may require a year or more an-ay from tlje occupation in wliich it 
was acquired. Paralysis may be permanent. 

The insidious nature of small exposures makes it necessary for 
physicians in private or industrial practice to keep the possibilities 
of chronic intoxication in mind in all cases showing nerv’ous and 
mental derangements due to unexplained or insufficient causes. 
Inquiry by the private practitioner in industrial regions into the 
nature of materials with which his industrial patients come in con- 
tact should aid materially in diagnosing obscure neurologic condi- 
tions. 

Benzol (CeH«). Benzene. — Benzol or benzene (not benzine, a petro- 
leum product) is formed from the distillation of coal-tar and finds 
its greatest use as a solvent for gums, fats and resins. It is highly 
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\'()Iatilc mid its vapor is 3 tiines as Jicax’y as air. It possesses a 
pleasant, non-irritatiiip odor. 

Because of its solvent qitalities and its liiRh, rapid volatility it 
fnids wide usage in the niaiiufacturc of products where gums and 
resins arc to be <lissoh'e»I and tiuick drying is dcsircfl. Latex (crude 
gum rubber) and Jac, rlissoh’e readily in iienrol and it is therefore 
uscsl in the rubber, vaniiah nn<l Ia«iucr industries. Its quick- 
drying properties make it an ideal solvent for paint and varnish 
removera. It is aUo used in tlie manufacture of fahrikoid, artificial 
Icntlicr, linoleum, shoe cement, as a coating for leather upholstering 
and automobile tops, in the prciwiratron of s^Titlietic carbolic and 
picric acids and in anilin live xvorks. It is also tisotl in tlie manu- 
facture of ceinciit for sanitary food cans mul in the photographic 
film industry. 

Controversy still exists as to wlietlier the pure or crude benzene 
13 the most toxic. Most investigators feel that crmlc benzene is 
the most poisonous of tlie two and that it is probably due to the 
presence of it.s two liomologucs, toliietic and xilrne. 

TJic danger of benzol {lolsom'iig Is <liic largely to the uceessity of 
its open use in some stage of most processes in which it is employed. 
Being luglily volatile, an amount sufficient to be toxic can escape 
from an open container in a very short time. It is obvious that the 
use of tlie U<iuid as a paint remover or dry-cleaning fluid affords 
ready opportunity for inhalation of the fumes. 

The d.angeroui concentration In air begins at about 1 part per 
1(10,000. Kxposure to 2 or 3 parts per 100,000 for a few JiouTi, is 
decidedly toxic and /nay cau-<c unoonsdousness. 

Benzol may can've .ncute or chronic poisoning. In the acute form 
the toxic effect is one of ilamage to the respiratory epithelium and 
the ne^^•ou.s sjstcm. Clironic poisoning depends to a great extent 
on indiddiial susceptibility but aside from this there is apparently 
some uuknonu f.aetor which makes poisoning more likely under 
certain circumstances than others. 

Benzol is a strong leucotosin, destroying the white cells in the 
circulating hlood and the blood-fonoing organs. It also affects tlie 
erythroblastic tissues and jinuluces an aplastic anemia. Some 
destruction of the adult erythrocytes also takes place. 

Benzol is eliminated from the body by its oxidation to phenol, 
catechol and qiiinnl. It is excreted as phenol sulphates by the 
kidnevs and unchanged through the lungs. 

Nitrobenzol (Nitrobenzene). Essence of Miibane.— The liquid form 
of nitrobenzol is employed in the chemical industries in the manu- 
facture of svnthetic perfumes, anilin, explosives, soaps, flavoring 
extracts and drugs. Poisoning from the fumes is rare compared 
to that produced by contact or ingestion. For this reason the 
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toxicologic details are discussed in more detail in the section. Poisons 
Acquired by Contact. 

Chlorine (Cl).— Chlorine gas is two and a half times as heavy as 
air and in concentrate<I form possesses a yellowish-green color. It is 
readily recognized by its pungent, acrid odor. 

The gas is used in industry either in the pure form in steel cylin- 
ders, or in combination with salts as the common bleaching powders. 
Some plants manufacture their own chlorine by electrolysis. Chlor- 
ine is given off in the early processes in the manufacture of nitric 
acid. 

Before the mass poisonings from clilorine as a war gas, cases of 
chronic and acute exposure to this Irritant gas were seen most 
commonly in those industries where bleacliing %vas carried out on a 
large scale. This gas is still itse<l in making the finer grades of paper, 
calico-printing and some dye industries, and in plants manufacturing 
disinfectants, bulk chlorine and bleaching agents. 

Poisoning occurs from exposure to small amounts of the gas 
arising from chemicals in which the chlorine is loosely combined, 
leaks in the apparatus iu wiiich chlorine is generated or in use as the 
pure gas, accidental exposure to overwhelming quantities of chlorine 
through breaks in generators or containers, or by workmen entering 
chambers before the gas has been e.xpelled. 

Inhaled chlorine acts primarily as an irritant to the respiratory 
mucous membranes. In small doses it produces an unpleasant, 
choking sensation without any general symptoms. In higher con- 
centrations a definite sense of suffocation is produced with cough, 
spasm of the glottis and difficulty in breathing. Massive exposures 
result in such intense inflammatory response of the bronchial mucosa 
that the exudate fills up the lungs and causes death by asphyxiation. 

The established limit of concentration of chlorine in the air which 
is considered dangerous is 1 part in 100,000. One part in 10,000 
may cause tleath if inhaled over a period of one or two hours. One 
part in 1000 may cause death in as short a time as five minutes. 

Phosgene (COCl). Carbonyl Chloride. — Although phosgene is better 
known as a “war gas,” poisonings have occurred in industry. 

Phosgene was formerly preparcrl by exposing a mixture of carbon 
monoxide and chlorine to sunlight. It is a colorless gas which reveals 
itself, if at all, by its musty odor. In pure form it lacks any sub- 
jective irritating qualities in the upper respiratory tract. In the 
smaller bronchioles it is hjdroly'zcd in the moisture of the lungs 
with the formation of hydrochloric acid. Aside from its preparation 
as a war gas, phosgene occurs in the process of manufacturing certain 
dyes, especially as an intermetliate product in the process of making 
Micliler’s ketone. 

Phosgene is one of the products remaining after the use of carbon 
10 
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tetrncliloridc fire-extinguishers and several fatalities have resulted 
following mine and ship fires in whicU this chemical was used. 

The to.xieologic effects of phosgene are due to the Jiydrochloric 
acid prodiiaxl in the smaller radicles of the bronchial tree. An 
acute inflammatory e.xudate is poured out, which if sufficient enough, 
may produce death from asphjTCta. The congestioti and wleraa of 
the mucous membranes may not come about for several hours after 
exposure. 

Mustard Oas (CjH«Cl)sS. Dichlorethjrhsulphide, Tperite.— This gas 
is not an industrial or domestic hazard except as poisonings may 
occur in its manufacture for war purposes. It is a heavy colorless 
gas which does not betray its early presence by local irritating effects. 
Some of its more disabling properties are due to its effects on the 
skin. (Sec Poisons AcYiuircd by Contact.) \Vlten inhaled, mustard 
gas pixKluces an acute edema and a dclayc<l broncliopneumonia. 
AbsorI>ed mustarrl gas prodiu-es general symptoms which are sus- 
pected of being due to the liberation of hjdrocliloric acid wliicli 
affects the body cells. 

It is stated that a concentration of I to 13,000 parts of air, 
brpathe<l for five minutes, will prove fatal. 

Petroleom Distillates.— Kapb^a, Benzia, Petroleum Ether.— These 
arc only a few of the many pro<lucts obtained in tlie fractional dis- 
tillation of petroleum. 'Hiey all give off volatile vapors which can 
bring about acute or chronic poisoning. All are inflammable. 

Poisonings from these vapors are encountered around oil wells 
and distilleries, storage tanks and distillery vats, and in industrial 
proces.ses in nhich these substances are use«l. Naphtha h used as a 
solvent for rublwr, in the bronzing industry, as n degreaser of fer- 
tilizer and leather, and in the manufacture of furniture polish, gilt, 
metal polish, paint, shoe finishing, and waterproofing. ^ Denzin 
is a constituent of quick-drj'ing paint, drj'-eleaning fluids, and 
automohile gasoline fuel. Because of its high solvent action on 
fats and resins it is employc<l in verj' much the same industries as 
the coal-tar derixativc, benzene. 

Naphtha acts as an acute intoxicant t« the central ner\ ous system, 
the early stages being usheitsi in by what is known as a ' naphtha 
jag.” The patient bw’oracs hysterical and silly with uncontrollable 
laughing or sjTnptoms of expansion. A maniacal state has been 
described in some instances. Irritability of temper from slow dosage 
during the day, is reported by one foreman. Nervousness and 
trembling and an inability to perform fine hand-skill work is com- 
mon. Severe poisoning results in collapse with loss of consciousness, 
cyanosis and drop in temperature. ^ , 

There is some question whether there is a true chronic naphtha 
poisoning but considerable ewdence points to it as a fact. Workers 
around rubber industries are reported to have a higher sickness rate 
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than control groups and show a general loss of liealth with indiges- 
tion, restlessness and irritability, headache, attacks of dizziness and 
constipation. 

Benzin and petroleum ether poisoning have been seen among men 
cleaning out tank cars and vats, and those working around gasoline 
motors in confined spaces. Headache and dizziness are common 
complaints among garage and automobile repair men and they are 
attributed to the gasoline fumes. Painters using quick-drying 
paints are subject to the same effects, especially when working in 
closed rooms or where the temperature of the paint has been raised 
to aid in drj’ing. 

Turpentine.— Oil of turpentine is a distillate from oleoresins of 
pine wood and contains several of the terpene hydrocarbons (CioHw). 
It is highly volatile and the vapors are toxic. 

In the occupations, turpentine poisoning is seen most frequently 
among those handling paints and varnishes to which the oil of 
turpentine has been added as a thinner. The petroleum industry 
has furnished cheaper thinners such as nnphtlia and petroleum 
ether, and their increased use in place of turpentine has resulted in 
feiv er poisonings from the latter. 

Poisoning from turpentine is far more likely where the painting 
is done in poorly ventilated places, such as the holds of ships, small 
interiors, the inside of storage rooms, vats, and similar places with- 
out openings. 

Acute poisoning produces an intoxication uhich peculiarly be- 
comes worse on reaching the open. Dizziness Is sometimes so over- 
whelming that painters fall from their scaffold before they can be 
warned. Spray-guns used in the open may readily permit the inhal- 
ation of large amounts of turpentine. 

Prolonged exposure in the painting trade may produce a marked 
secondary anemia, constipation, anorexia and albuminuria. The 
latter finding is common in acute ami chronic cases and is evidence 
of renal damage. There is not sufficient information at present 
to be able to say that turpentine acquire<l in this way will produce 
a pennanent or progressive type of nephritis. 

Ammonia (NII4).— Ammonia vapor is a powerful irritant gas 
with a pungent penetrating odor. It is lighter than air. The vola- 
tile gas may be given off under certain conditions from concentrated 
solutions of ammonium hydroxide or from its combinations in salt 
form (ammonium carbonate especially). 

Ammonia gas is encountered in greatest bulk in refrigeration 
plants, and serious and fatal aeddents have occurred from breaking 
pipes and slow leaks in closed spacK- It is becoming more com- 
monly used in household refrigerators, thereby adding another 
hazaid to the home. 

Household ammonia is either a solution or a salt. Occasionally 
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tliere is sufficient pas liberated from these forms to produce unpleas- 
ant irritation of the nose ami throat. 

I>arpc inhalations of ammonia produce dryness of the throat, 
larynx and tracliea. The mflammation may be so pronounced 
ns to produce edema and sufTocatioii. 

Ronzani* and Ixjliman have found an intcrcstinp reduction in 
resistance to anthrax, tubercle bacillus and diplococcus of Frankel 
infections in dops which had been subjected to doses of ammonia 
fumes below the danper limit over a prolonged period of time. 

Arseniuretted Hydropea (/VsH*). Hydropen Arsenide, Arsine. — 
Arsine is a colorless pas, and its presence in the air is recognizable 
only by its parlicKv o<lor and then only wlieii it is in <lanperous 
concentrations. Industrial poisoning from arseniuretted bydropen 
is met with under those comlitions in which sulphuric or liydro- 
chloric acid come in contact with the heavy metaU when cither 
the acids or metah contain arsenic as an impurity. Hamilton* s.iy3 
“such conditions arc very common in industry, hut the fact that 
people are not lonkinp for this pokon explains why so few cases 
have hccii roportwl in the literature, e^pcclnlly in tlmt of this coun- 
try. It is probable that when an accident does occur the acid fumes 
are held responsible." 

Hamilton reports casc.s occurrinp umler the following circum- 
stances: Manufacture and extraction of tliemically pure acids; 
cleaning of iron tanks which had held acids, manufacture of hydro- 
gen and zinc dust and hydrochloric acid, balloon making, laboratory 
workers, the manufacture of vanadium steel, prwiuction of sine 
ciiloride and hicachinp fiowders, dipping iron sheets for galvanizing 
and zinc plates for bronzing, electric storage plants using lead 
grids immcrsol in nci<l, the cy.anide process for recovering gold and 
silver, sliipping ferrosilicon in the cargo of ships, and from tlie lead 
plates in the batteries of submarines. 

Dubitsky* believes tlmt danger of poisoning begins when the air 
dilution is 1 part in 2()(W. 

As stated abos e the characteristic odor is frc(iucntly lacking when 
poisoning occurs and the case may ha\xj progressed to a serious 
extent before the nature of its cause has Iwen found out; or the cause 
may never be discovered. A <lclay of hours or e\’en days may occur 
betw een e.xp()sure and onset of symptoms, making it still more diffi- 
cult to connect cause aiul effect. 

Arsine acts primarily by destroying red blood cells. As a result 
the oxygen-carrying capacity of the blood is acutely reduced and 
the common symptoms of general anoxemia occur— weakness, 
dizziness, headache. 

I Ronzam. E.' Arch f Hyg . 70. 217, 1909. 

« Hamilton. Alice Industrial Pouons in the United States. New lork, Mac- 
millan Company, 1929. 

I Dubitsl^ Zentralbl. 1. Gewerbhyg , 8. 121, 1920. 
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Formaldehyde (H.C.II.O.)-~Tliis fe a colorless gas of a density 
almost equal to that of air and possessing an acrid, irritating odor. 
In solution in water (40 per cent) it is known as Formalin. 

Contact with the raw gas is met with most commonly in disin- 
fection processes and in certain industries where it is produced in 
large amounts, Formaldehyde is employed as a disinfectant by re- 
leasing it in closed chambers containing ^e materials to be sterilized. 
It is a powerful germicide but a weak insecticide. Industrially, forma- 
lin is combined with ammonia in the manufacture of hexa-methylene- 
tetramine (Urotropine), and with phenol to make Bakelite, a bard- 
rubber substitute. 

Foisoning from formaldehyde gas is almost entirely limited to an 
irritant bronchitis or bronchopneumonia. 

Brunnthaleri believes that it is a cumulative poison and that 
poisoning results in increase<l susceptibility to subsequent exposures. 
The gas taken into the body goes into solution as formalin, is stored 
as a methyl compound and is oxidi 2 ed to formic acid in which form 
it is eliminated. Various lesions of the Hver and kidney and an 
ulcerative arteritis are alleged to be due to the action of these inter- 
mediate products. 

Acrolein. Acrylic Aldehyde.— Acrj'Iic aldehyde is an irritating 
heavj' fume liberated in the rendering of fats and oils. It is met 
with in the soap and varnish industries and in the reclamation by 
melting of printers’ tjTie plates which are covered uith oily ink. 

The fumes are so obviously irritating and obnoxious to workmen 
that they cannot remain exposed to them for any length of time. 
Its physiologic action is that of a powerful respiratoiy irritant which 
may produce a bronchitis or bronchopneumonia with profound 
edema. 

Sulphuric Acid Fumes (HjSOO-— Sulphuric acid poisoning may 
be produced indirectly under those conditions in which sulphur 
dioxide (SO 2 ) or sulphur trioxide (SOj) are inhale<l, by the conversion 
of these gases into the acid when they c^ome in contact with the 
moisture of the respiratory tract (Sec Sulphur Dioxide). 

Poisoning from preformed sulphuric acid occurs in a few indus- 
tries where the acid is volatilized in various processes. In the cellu- 
loid industry sulphuric add is used as a dehydrant and the fumes of 
the acid itself may be produced in toxic amounts. 

Hamilton lists the following processes in which dilute sulphuric 
acid is used: (1) manufacture of phosphate fertilizer, (2) petroleum 
refining, (3) making nitro-cellulose, cclluloicl and nitroglj'cerine, (4) 
pickling iron and steel, (5) general chemical and metallurgical 
processes. 

In all of these the free sulpliuric add fumes or the sulphur dioxide 
or trioxide which becomes converted into sulphuric add in the body 
* Brunnthaler, J.; Zcntralbl f CwterMiyg , 2, 24, 1914. 
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net as mucous mctubnme IrrUaiUs, ami it sufficiently concentrated, 
as corrosives. 

Workmen devcloj) a tolerance to l<i\v concentrations of tlie gas. 
Whereas 1 part in 100,000 in nir may be highly irritating to new 
workers, the older men at the trade ina^' feel no injurious irritations 
at 3 or 4 times this amount. 

Hydrochloric Acid Fumes (llCl).— Volatilized hydrochloric .acid 
or the acid held in fine suspensioji in droplets of moisture is a power- 
ful upper respimtory irritant. Hie immediate spasm of the upper 
air passage which it prmlucos prevents its entrance in any large 
amounts into the lungs. The irritation is so great as to amount 
to actual pain. It is fortunate that its distinctive odor in low con- 
centrations acts as a warning to those exposed to it. 

Ilydrocliloric acid fumes are liberated in the manufacture of 
certain anilin dyes and iuduUn and in pickling metal. In the latter 
instance tlie acid is carried into the air in the droplets from a water 
spray used to wasli steel wire that has been passed through an acid 
hath. Toxic amounts may be given off in the manufacture of the 
acid itself from sodium chloride and sulphuric acid. 

Nitric Acid and Nitrous Fumes.— Nitric add and the fumes of its 
oxides (nitrous and nitric oxide) are powerful physiologic irritants to 
the respiratory tissues but produce relatively sliglit symptoms of irri- 
tation in proportion to the pathologj' brought about. A worker 
may inhale quantities of these fumes and feel little inconvenience 
other than a mild choking and cough wliereas the damage to the 
lung structures may be severe cnougii to produce dcatli days later. 
Investigators have noted a marked difference in the attack rate 
among workers engaged in the s.ime process at the same time. The 
tendency has been to ascribe this to ilifferences of susceptibility or 
tolerance but the meclianisms of the action of tlie nitrous fumes is 
too little understood to attempt any interpretation on this basis. 

The local effect in the lung is primarily e.xudative, followe<l in 
time bj’ necrosis and/or proliferation of fibrous elements. The 
latter results in an obliterative brondiioUtis. 

The most important oliserx-ation from the point of view of care 
of victims is the delay of serious symptoms and e\'en death, hours 
or days following an apparently mild dose of the fumes. 

Nitrous fume poisoning is liable to be encountered in all industries 
using high nitrogen compounds. Under the present conditions of 
manufacture poisonings shouki be tlue almost entirely to accidents 
to apparatus. Broken carlwys of nitric acid, leaking pipes, faulty 
gas chambers and carelessness in making repairs to apparatus have 
been tlie cliief causes of poisoning in the past. Some of these will 
undoubtedly occur from time to time under the best operating con- 
ditions. ... 1 • I 

The present most common source of poisoning h found in the 
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nitrocellulose trade. A large number of modern materials in general 
use are made by the action of nitric acid on cellulose. They vary 
from moving picture films to varnishes and airplane "dope” and 
although not harmful in the completed form the workmen employed 
in their manufacture may be subject to the effects of nitrous fumes. 

The International Labor Bureau reports that solutions of nitric 
acid of more than 15 per cent strength may give off fumes. This 
acid is used in photo-engraving. 

Mass poisonings have been reported in mines following the incom- 
plete detonation of explosives and subsequent burning of the nitrates. 

By far the greater number of nitric fume poisonings in the past 
have been in the manufacture of explosives. War needs created 
a tremendous demand for nitric acid and explosives and the plants 
constructed were hurriedly erected and poorly equipped. Precau- 
tionary measures were insufficient both because of the pressure of 
time and the lack of technologic skill available. Peace-time manu- 
facture of gun cotton, nitroglycerin, T.N.T. (trinitrotoluene) and 
other explosives and the widely used nitro-cellulose has produced 
a relatively much smaller amount of poisoning due to a better 
understanding of the dangers attendant on their manufacture. 

Anilin rumes (C«HsNHj)'— Anilin is an amido derivative of the 
benzene ring and is a colorless, oily liquid which readily gives off 
highl>' toxic fumes. \^olatilized anilJn possesses a characteristic 
odor and is described as producing a warm, sweet taste in the mouth. 
Opportunities for volatilization of the oil are many when it is used 
in open containers in large quantities or when it is subjected to 
warm temperatures. Sprays of oil readily disperse in fine droplets in 
the air. Although most of the cases of anilin poisoning are produced 
by its entrance into the body tlwough the respirator^’ tract the 
number of cases of poisoning from introduction by other channels are 
not inconsiderable. 

It produces methemoglobinemia and a progressive loss of red- 
cells and hemoglobin. A reduction of hemoglobin to 10 or 15 per 
cent with stippling of the erythrocytes is said to be almost pathog- 
nomonic of anilin poisoning. 

Chronic cases which have recovered have been found to have 
difficulty in returning to their former occupation due to an alleged 
susceptibility which cannot be overcome. 

Anilin poisoning by inhalation of the vapor is found most com- 
monly in the manufacture of anilin itself and of the anilin dyes. Less 
frequent^’ workers in tlie rubber industry wliere anilin is used as an 
accelerator may be exposed to its fumes and poisoning by inhalation 
is still less common in the manufacture of pharmaceutical prepara- 
tions, photographic materials and the dyeing industry. 

The role of anilin in the production of so-called anilin tumors of 
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the bladder is still uiwlcr question. Gehnuann' is nnabic to detect 
niiy carcinogenic agent in the urine of aniliii dye workers. He feels 
that the agent or agents responsible for the c!c\plopnjoijt of these 
tumors are therefore not in the urine and hypothetically considers 
the possibility that tliey are in the systemic circulation and exert 
their cITcct at the base of the bladder where tlie hlootl supply 
is richer. 

Tetrachlorethane (C-sHiCU) Acetylene Tetsachloiide.— Tetrachlore- 
thane in a widely used powerful solvent for cellulose acetate. It is 
readily vaporize*! iiiuler the conditions in which it is used in industry 
and possesses a toxicity according to Ix-hmann* 4 times that of 
chloroform and 0 times that of c-arbon tetraclilorlile. 

The primary clTect seems to be on tlie bile capillaries and the pro- 
duction of a fatty degeneration of the liver equalled only by that 
pr(wl«ce<l by ph<wphor\is. Other German investigators likencil its 
effects to a delayed chloroform poisoning. 

Owing to its lilgJi solubility for cellulose atetate tetrachlorethane 
has conic into general use in Industries employing the former sub- 
stance. Because it is non-inflammahlc it is. used in the manufacture 
of moving picture Films, varnishes and lanpicrs. Tetrachlorethane 
is the common solvent for tvllulosc acetate in tlie manufacture of 
artificial silk, awl in rrance, of artificial }>earh. It is also employed 
in the rubber industry an*! in the extraction of certain alkaloids 
and nils. 

Hamilton' states that workers vary in their susceptibility, but 
if one is affcctod even slightly he seems likely to have a severe 
attack if he is again cxjiosetl to the vapors.” 

Methyl Alcohol (CIbOII).— Wood Alcohol, Methanol, Columbian or 
Colonial Spirits.— Methanol, as wood alcohol is now being called by 
preference, is an alcohol derive*! from the destructive distillation 
of wood. It is marketed in pure and impure forms. In the latter 
it contains more or less of other distillates such as acetone, allyl 
alcohol, dimethyl acetate, furfurol, or meth.v 1-ethyl ketone. Al- 
though some attribvite the effects of wood alcohol poisoning largely 
to these impurities there is now no doubt that pure methanol is a 
powerful poison acting principally on the higher nerve’ mechanism 
of the special senses, especially sight, 

jVIethvl alcohol volatilizes readib’ at ordinary temperatures and 
is therefore prone to collect in the atmosphere of poorly v entilated 
spaces in which it may be used- It is an efficient soh’ent for var- 
nishes and shellacs, many manufacturers preferring it over ethyl 
alcohol because of it.s higher volatility awl tlierefore quicker driving 

* Gehrmanti, G 11. rt al.: Jour. Tirol . 31, 126. 1234. 

* Lohmaim. K B . Arch. f. Hyg.. 74, 1, 1911. 

* Hamilton. Alice Industrial Poiaons in the United fctafes. New Tork. Mac- 
miHan Company, p. 44S, 102C. 
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time. United States Government Regulations permit *ethyl alcohol 
to be denatured by the addition of metliano! but make the restric- 
tions more severe the more nearly the tlenatiired product approaches 
pure ethyl alcohol. This, unfortunately puts a premium on the use 
of ethyl alcohol with the higher content of methanol and maintains 
the hazard to workers with this material. 

With the advent of cellulose nitrate in industry the use of methanol 
as its solvent has spread into many trades. It is also useful as a 
solvent for gums and resins and methanol either as pure or impure 
wood alcohol or as a denaturant to ethyl alcohol is used widely 
throughout the arts and crafts. 

Estimates of the toxicity of inspiretl methyl alcohol run as low 
as 2 parts per 1000 of inspireil air if continued over some time. 
This is a concentration not difficult to attain when it is used in con- 
6ned ill-ventilated spaces. A large number of poisonings from this 
vapor have occun‘e<! among workmen who were shellacing or 
varnishing the interiors of large vats, casks or small storage rooms 
without provisions for circulation of fresh air. A number of cases 
of poisoning are on record in which exposure took place under what 
would ordinarily be considered good ventilation conditions but the 
concentration of the vapors at the source was so high that workers 
inhaled them before the gases were carried off. 

The manufacture of methyl alcohol itself is not without danger 
for the “tubs” and condensation chambers must be cleaned out 
periodically on account of the accumulations of tar and other dis- 
tillates. The process also carries with it the common hazard of 
leaking and faulty apparatus. 

Although the typical phjslologic effect of methanol is on the 
nervous system and especially the optic tract, workers e.xposed to 
the vapor suffer from headache, giddiness, nausea and general ill- 
health. The reader is referred to the section on Poisoning by Inges- 
tion; Drugs, Medicines, etc., p. 250, for a fuller description of the 
effect of methyl alcohol on vision. At this point it is only necessary 
to state that acute or chronic poisoning from the inhalation of methyl 
alcohol vapor may produce changes of vision ranging from temporary 
dimness of vision to permanent blindness. 

Analysis of mass poisonings reveals a high individuality in sus- 
ceptibility to methyl alcohol vapors. It is not at all understood 
why several persons exposed at the same time to apparently the 
same amount of vapor should not all be poisoned alike but records 
indicate this to be a fact. It would seem to be important to the 
industrial physician to keep this in mind for there is further evidence 
that an individual may be remarkably tolerant to the poison at one 
time and most unexpectedly be affected by it at another. 

Elimination of methyl alcohol from the body is through a slow 
process of oxidation invoUing the formation of formic acid. Lactic 
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and otlicr orpanic acids arc excrctwl in larpe amounts durinp this 
time ami tlicre is a peneral disturbance of metabolism in the direo’ 
tion of acidosis. Complete elimination may not occur for several 
days in sharp contra.st to the rapid oxidation of ethyl alcohol. 
Some of the methyl alcohol is believed to be excreted into the stom- 
ach and intestines from where it is reabsorhetl. Tliere is possibly a 
cumulative effect which may c.TpInin the sudden deaths which have 
omiritHl when recovery seeme<l assure*!. 

Methyl Bromide and Methyl Chloride, — Methyl bromide readily 
volatilizes and is inhnlcrl without the production of any local irri- 
tation or warninp symptoms. 

Poisoninps are reporte*! larpely from Continental sources where 
workmen have acquired it in the preparation for the manufacture 
of anilin compomuls and refrigerants, or in the use or repair of 
refrigerators. 

The symptoms are those of a narcotic poison and may come on 
very gratlually after exposure or with explosive suddenness, with 
rlulncss, drowsiness, coma, respiratory distress and convulsions. 
TJjc pupils are widely dilatotl. In non-fatnl cases there is a prolonged 
perwxi of incoonlination of movement, tremors, unsteady gait, and 
at times diplopia. 

Metliyl chloride (chlormcthyl or monochlormethane, CHiCl) is 
likewise a nar<x)tic poison and respiratory irritant. It is less toxic 
than methyl bromide but In heavy dosage brings about a quite 
similar intoxication. 

These two methy I compoumls have lieen sliown at autopsy to 
produce a destructive degeneration of the epithelium of tlie bronchi 
which is proved to lead to a purulent broncliitis and pulmonary 
edema. 

Iodine.— Fumes of iodine are given off in I.irge amounts when the 
crystals are lieatetl to 22tf F. At ordinary temperatiu^ the vola- 
tilization procee<ls very slowly I)eing barely perceptible unless the 
vapor is confined. Concentrate*! iodine gas is bluish-violet In color 
and possesses a typical acrid odor. This may be made familiar by 
inlialing the mild fumes rising from a bottle of iodine crystals. 

Iodine vapor is a local irritant to the mucosa of the nose and throat 
and in large quantities may produce Jaiyngeal or pulmonary edema. 

At present, iodirw is vaporized in amounts large enough to pro- 
duce poisoning only in the chemical manufacturing trade and in 
chemical laboratories. The mild fumes given off during the process- 
ing of iotline salts are in too low concentrations to be harmful. 
Moreover, the fumes are evident and irritating enough to force 
workmen to call attention to their presence. 

Bromine.— The inhalation of bromine vapors in harmful quanti- 
ties is met with in the manufacturing of tear gas, ethylene, tetra- 
ethvl lead and bromine disinfectants. Smaller amounts are encoun- 
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tered from the gas given ofF from chemicals iise<l in gold extraction, 
and the manufacture of films, ink, coloi^, and dyes. 

Bromine gas is heavy and acrid and is highly irritating to the 
respiraton.’ and conjunctival mucosa. 

Mercury (Hg).— In the industries, mercury poisoning is due almost 
solely to inhalation of its vapors for even pure metallic mercury is 
constantly vaporizing at ordinary room temperatures. Renk^ has 
determined that the air above a pool of mercury one half meter 
square contained 1.5 mg. of mercurj per cubic meter. 

Mercury, mercury ores and salts are used in a large number of 
trades in which opportunities exist for the vaporization of this 
metal and consequently its inhalation. 

The metal occurs in nature as natural quicksilver and as the 
common ore, cinnabar (HgS — Mercury sulphide). It is in the mining 
of these two substances that the earliest observed cases of poisoning 
from mercurj’ N’apors are recorded. Present-day methods have not 
yet completely overcome the high industrial hazards of mercurj’ 
mining and in recent j’ears rich ore-bearing mines in California 
have closed down because of the inabilitj’ to obtain laborers under 
the conditions in which they had to work. 

Heated mercury sublimates, that is it passes directly from the 
metallic to the gaseous state and back again by immediate condensa- 
tion. It is not detectable in the air by its smell or local irritating 
qualities and is therefore insidious in its attack. The absorption 
of mercury is believed to take place after it has been deposited on 
the mucous membrane lining of the mouth, nnso-pharynx and bron- 
chi and not through the alveolar epithelium. 

After absorption the mercury ion unites with the proteins for 
which it has a high affinity and produces an albuminate which is 
dissociatetl with difficultj’. As a result the mercury tends to be 
stored in tlie bodj’, especiallj' in the bones and liver, and to show a 
cumulative action. Elimination is therefore slow and takes place 
by way of the urine and feces. That raanj’ glandular tissues partake 
in its liberation is indicated bj- mercurial stomatitis, gastro-intestinal 
disturbances, and the elimination of bile pigment in the urine in 
cases of poisoning. 

Renal and hepatic degeneration are common late results of poison- 
ing, more especiallj’ in those cases in which poisoning has resulted 
from ingestion. 

The nervous system is affected almost as seriouslj’ if not more so 
than the gastro-intestinal tract, especiallj' in the sloir, chronic 
poisonings. The manifestations may range from irritability and 
insomnia to major psj'choses. 

As indicated bj’ the large number of trades listed below in which 
mercurialism may occur, it behooves the practising phj’sician to be 
' Renk* Arl)eits und GcwwbrfiyBiMie. LcipsiiE, p. 100, 1919 
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juvaro of tlie prohuliiiltics of tliU pot^ii in all cases, incu or women, 
coming under liis care for iien'ous inanifctitations of any nature. 

_ Mercury poisoning is discussed further under suicnial and homi- 
cidal poisons. (See page 240.) 

The not\-iu<lustria! physician is oniinatily quite unaware of the 
large number of common trades in which mercury is uswl in such 
form as to protliice chronic poisoning. In the first place it is little 
known that metallic mercury is c'onstantly giving oif vapors under 
onliiiary temperatures, nius, the wives of norkers in mercury- 
using trades have dcvcloiH-d inereurialism through washing their 
husbands work clothes. It must l>e kept in mind that the most 
remote possibilities for poisoning may become imminent prob- 
abilities. 

All miners of quicksilver or mercury ore are open to poisoning 
almost without exception and irrcspc-clivc of the jjarticular process 
in which they are cmploywl. 

The felt hat industry lias contrihutc«l a large number of poisonings 
in the past and continues to <lo si>. Mercury compounds of various 
nature arc used iu several stages of hat manufacturing, from its use 
in the stilTening of tlic hat frames to tiie coning and brushing pro- 
(•esses. At all of these stages mercury in dust and vapor may be 
inlialed directly or indirectly from impregnated clotlilng. 

The manufacture of thermometers, barometers and other scien- 
tific apparatus* involves the filling of tubes with metallic mercury. 
Spill-overs, breakage and leaks result in tlie accumulation of mercury 
on tables and benches from which it voktilizes. 

Quicksilver hacking for mirrors is rapidly becoming obsolete but 
where used is one of the ohleM and most common sources of indus- 
trial rnercurj' poisoning. 

Mercury poisoning is met with in the manufacture of drj- cell 
batteries, throvigh the use of mercury solders; in gold refining and 
extraction where mercury is cmpkiyc*! as an amalgam from which 
the gold can be readily recoverefl; in the olectroljlic chlorin process 
and in tlie manufacture of explosives, fulmiiiants and detonators, 
incandescent, x-ray and mere«r>'-vapor lamps and tubes, paints 
and artificial flowers, photograpliicmaterials, taxidermist’s preser\a- 
tives, and fur fixatives. Dentists who work largely witli amalgams 
nre said to be liable to chronic mercurialisro whether they handle 
the amalgam with their fingers or not. 

The apparent harinlessncss and inert nature of qiiicksih’er itself 
and the mercurial salts uscrl in industry make it tliflicult to convince 
workmen and others of their dangerous nature. This, combined 
with the slow vaporization at low temperatures and the high vola- 
tilization with heat make mercury one of the most dangerously 
insidious slow poisons. Tlie early manifestations of mercurialism 
may readily simulate other forms of oi^ranic and nervous disease 



POISONS ACQUIRED BY INHALATION 157 

unless the physician is keenly aware of the possibilities of poisoning 
from mercury in some of the most common trades and industries. 

Lead (Pb).— Lead is inhaled either in the form of lead fumes or 
as finely divided particles in suspension in the air. The industries, 
by virtue of the materials and methods they employ, are responsible 
for most cases of modern lead poisoning. Because quantitatively 
and quaJitati\’ely, respired lead produces poisoning far more readily' 
than that taken in through ingestion or cutaneous absorption, most 
poisonings occur in industries and trades in which lead is fumed or 
dusted in the air. \Miile the solubility of lead salts in the various 
fluid constituents of tlie body may have considerable bearing on 
certain phases of the whole aspect of lead poisoning, this chemical 
consideration is not so great as the portal of entry and the physio- 
logic and metabolic activities of the poisoned organism. 

Almost any' of the lead salts, vaporized or in finely' divided form 
may be absorbed from the respiratory tract. It has been found that 
highly significant amounts can be absorbed from the nasal mucosa 
ubere it has l)een filtered out of a dust-laden atmosphere or can be 
taken up from the mucosal lining of the upper and lower respiratory 
structures. Evidence has accumulated to show that more lead 
can be absorbed from the respiratory tract than from the digestive 
tract when each has been subjected to the same dosage, and that 
lead entering directly into the general circulation is more likely 
to produce poisoning than that passing through the portal system. 

Lead is carried in the blood stream as the insoluble triple phos- 
phate and is stored largely in the bones. Although the complete 
mechanism of lead storage and release is not known it has been 
shown to be intimately relate<l to the hydrogen-ion concentration 
of the plasma and the met.abolism of ionized and non-ionized cal- 
cium. Kepeated dosages of lead result in its accumulation in the 
bones from which it is cvenUially released. This liberation of stored 
lead may occur with all degrees of speed and dosage; it may be 
liberated in small inconspicuous amounts over long periods of time 
so that the amount of circulating lead at any one time produces 
no evidences of poisoning, or it may' be freed from the bones in 
“spurts” and produce symptoms ordemonstrable laboratory' findings. 
Alcoholic overindulgence, overfatigue, deficient calcium in the diet, 
are a few causes believed to precipitate mobilization of stored lead. 

Elimination of lead is largely' by w'ay of the intestinal tract, all 
parts of which share in its excretion. The liver is an especially 
active eliminative organ, and when lead is ingested, this organ acts 
as the great bulwark against the entrance of the poison into the 
general circulation. 

The different susceptibilities to lead found among individuals 
probably rest on physiologic conditions related to calcium metabo- 
lism, gastro-intestinal states, hydrogen-ion concentrations, biliary 
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activity, grow th, other forma of intoxicatioti such as alcohoUsm, auti 
diet. 

Dci^eiuliiig on the circmnatancea of its absorption and storage 
lend poisoning may be either aaitc or chronic. The acute form is 
seen more coininoidy in new-comers to the trade wlio liavc received 
n first large dose by way of the respiratory tract. The symptoms 
are rtdcrable not to the portal of entry but to the gastro-intestinal 
and nervous systems. Constijiation or enteritis, acute and colicky 
in nature may be tlie first manifestation. The central nervous 
system may show early involvement with epileptiform attacks, 
’severe Jieadacho, delusions, delirmtii to tlie point of maniacal 
severity and blindness. An acute anemia frequently accompanies 
this severe fonn. 

In the chronic forms of phiinbisin the classic .syndrome of blue 
line on the gums, lead palsy, constipation, colic, attetnfa with 
stippling of the erythrocytes and blood-vessel changes are consist- 
ently found. 

With the possible c.xcepdon of direct nerve tl.ssne d.itnage as seen 
in load nenritis. the most far readiing dangerous effect of continued 
small doses of load is on the arterial system. This is of the nature 
of a progressive mesarterltis of the small arterioles which terminates 
in degenerative* and hyaline changes and obliterative endarteritis. 
Wlicn the vessels of the brain are involved the manifold forms of 
lead encephalopathy may result; in the kidneys it produces the 
familiar contrnctecl kidney. Blocd-pressurc is secondarily ele\’ated 
and alterations of this ppos;>ure of transient nature may account 
for further rlisturbances of cerebral function. 

Apart from poisoning prorbicod from volatilized lead itself several 
of its salts are fii common use in the industries and readily form fine 
re^pirabIe dusts: 

I^ad carbonate, “^NTiifc lead,” "flake wbite/’ "mineral white.” 

Leadacetate, "Sugar of lend.” 

I/:ad sulphate. 

I/cad sulphide. 

liOad chromate. 

licad monoxide, "Litharge.” 

I^ead dioxide, "Ile<l lead.” 

An exhaustive .survey of the occupations and trades in wldcli 
lead and lead dust may become a menace to wxjrkers is beyond the 
scope of this work. For detailed information the reader is referred 
to Dr. Alice Hamilton’s, "Industrial Poisons in the United States.” 
An indication of their wide variety and nature may be seen in the 
following condensation of the list of lead trades given by Dublin 
and Leiboff in Bulletin No. 306, Bureau of T,abor Statistics. 

Acid finishers, amber workers, art-glass workers, artificial flower 
makers, bench molders, Wackaniths, blooders (tannery), book- 
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binders, bottle cappers, brass founders and polishers, brick burners 
and brick makers, bronzers, brush makers, rubber buffers, enamel 
burners, cable makers, color makers, compositors, cut-glass workers, 
cutlery makers, diamond polishers, dye makers, dyers, electro- 
platers and tj’pists, emery-wheel makers, file cutters and filers, 
galvanizers, workers in glass, gold refiners, grinders in metals and 
rubber, riveters, incandescent lamp makers, jewelers, junk metal 
refiners, lacquer makers, lead burners, lead foil makers, lead miners, 
lead salts makers, linoleum makers, linseed oil burners, watch 
factor^' n'orkers, mirror silvcrers, musical instruments makers, 
nitric acid workers, nitroglycerine makers, painters, paint makers, 
paint removers, paper-hangers, patent-leather makers, petroleum 
refiners, photograph retouchers, pipe fitters, plumbers, printers, 
putty makers, red-lead workers, roofers, screen workers in lead and 
zinc smelting, sandpaperers in enameling and painting auto-bodies, 
sheet metal workers, shellac makers, shot makers, solderers, steel 
engravers, sulphuric acid workers, tanners, temperers, tile makers, 
tin foil makers, tinners, toy makers, tree sprayers, type founders, 
welders, white lead workers, wood stalners, zinc smelters. Of recent 
origin is the use of tetra-ethyl lead in the automotive industry. 
Ilealizing that this compound was potentially capable of producing 
poisoning, a special committee was formed to investigate Its harm- 
ful effects. The committee endorsed the following conclusions* 
based on the work of Dr. Leake of the United States Public Health 
Service: 

“1. Drivers of cars using ethyl gasoline as a fuel and in which the 
concentration of tetra-ethyl lead was not greater than 1 part in 
1380 parts by volume of gasoline showed no definite signs of lead 
absorption after exposures approximating two years. 

“2. Employes of garages engaged in the handling and repairing of 
automobiles .... may show evidence of lead absorption and 
storage. . . . In garages and stations in which ethyl gasoline was 
Used the amount of apparent absorption and storage was somewhat 
increased but the effect was slight in comparison with that shown 
by workers in other industries where there was a severe lead hazard 
(Group E); and for the period of exposures, studies were not suffi- 
cient to produce detectable symptoms of lead poisoning. 

*^‘3. In the regions in which ethyl gasoline has been used to the 
greatest extent as a motor fuel for a period of between two and three 
years, no definite cases have been discovered of recognizable lead 
poisoning or other disease resulting from the use of ethyl gasoline. 

“In view of these conclusions your committee begs to report that 
in their opinion there is at present no grounds for prohibiting the 
use of ethyl gasoline of the comporition specified, as a motor fuel, 

> Jour. Indust. Enpn. Cbem., 18, 193. 1926. 
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provided that its dhstribiition and use arc controlled by proper 
rcj^ulations.” 

I’ntnl eases of poisoning by tctra-cthyl lead have occurred at the 
plants ulierc it was Ijeing maniifacttirod. These were not entirely 
due liowever to inspirctl lead as this product is readily absorbed 
through the skin. 

Due to the wulcsprcat! use of Ii*ad and lead products bizarre 
examples of lead poisoning will cxintintie to occur. One instance, 
now become familiar, was the siinultnncons lead poisoning found 
among negro cirildrcn of families who had been burning discarded 
electric battery Ikjxcs for stove fuel. 

Ph.ssicians m\iat keep contimially on tlie alert for similar happen- 
ings. Technologic processes involving lead and its derivatives will 
contimie to produce unsuspcclo<l poisonings, Tlie only safe way in 
which severe poisoning ami even de-aths from these advances may be 
anticipated is tbrougli the activity of the medical profe-ssion in 
adxWng on nil pTt)c^”»>ei involving toxic lead pTepamtiems and in 
recognizing the earliest eases by foreknowledge of their possible 
clTects. 

Nickel Carbonyl (Nl(CO)d-— Xickel carbonvl is a straw-colored 
liquid which volatilizes at room temperature. It is therefore met 
with ordinarily in the gaseous state in which it is inhaled. 

Nickel carhonyl is a combination of nickel and carbon monoxide 
and dissociates at a temperature of JSO® C. with the liberation of 
carbon mono.xidc and deposition of metallic nickel. 

Tlie patJiogencsis of poksoning from this substance has not been 
t!etennin«l. Armit believes that it is the result of the deposition of 
nickel as a slightly soluble compound over the entire respiratory 
surface from uhicli it is absorbeil by the tissue fluids and carrieil 
to tissues w licrc it has a selective action, namely capillary endothe- 
lium and more especially the capillaries of the brain and adrenals 
wliere it causes hemorrhage. 

On the lung itself it causes a reactionary edema ami congestion. 

It is eliminated thro^igh the intestinal mucosa anti the kidneys. 

Nickel carbonyl poisoning is limited to workers in the illond 
process for the purific.'vtion of nickel. In tills process nickel is 
deposited in a finely divided state by beating the gaseous compound 
to the point of decomposition. 

Phosphorus (I’).— Phosphorus in the form of white phosphorus is 
the only state in which it is poisonous. This is the substance used 
in tlie old style strike-anywhere matches. The use of this substance 
in the manufacture of matches has been outlawed by every govern- 
ment, the United States having taxed it out of use in 1909. (Esch 
Law’.) Phosphorus sesquisulphide is now used in its place and this 
is non-poisonous. . . 

\Ylute phosphorus volatilize at room temperature giving on 
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fumes of phosphorus and phosplioric oxide. These have a peculiar 
softening effect on the teeth whidi undergo caries and ultimate 
destruction. When tlie phosphorus reaches the periosteum of the 
alveolar processes it pro<luces a proliferative reaction with swelling 
of the bone and the overlying soft tissues. This is the true state 
called 'Thossy jaw.” If soft tissue necrosis reaches the periosteum 
bacterial invasion consistently follows with the development of a 
se\'ere, intractable and painful osteomyelitis and ulcerative necrosis 
of all tissues around the area. Systemic itivasion with septicemia 
may follow. In some instances all of the bone of both jaws may 
become involved. 

With the advent of the non-poisonous sesquisulphide and the red 
amorphous phosphorus which is used in the manufacture of safety 
matches, phossy jaw has dbappeared from the match industry. 
The only other products in whicli white phosphorus is used are 
some fireworks and incendiao* bombs. Onl3’ 2 or 3 known cases of 
phossy jaw from these causes are recorded from all countries. 

Thiele* reports the only instance of death from known phosphorus 
poisoning in recent years. Three out of 4 persons accidentally 
exposed to spontaneous fumes of phosphoretted hydrogen generated 
from spilled wet ferrosilicon died in their apartment over the storage 
place where the ore had been dump)ed. 

Hamilton states that although no cases of phosphorus poisoning 
have occurred in America in the making of phosphor-bronze this 
process is potentially dangerous. She records the finding of one case 
in an Austrian phosphor-bronze worker. Moreover, analysis of 
bronze in use in this country shows a content of 0.168 to 0.813 per 
cent phosphorus and the Austrian case occurred in working a metal 
of 0.78 per cent. 

Selenium (Se). — Although the number of cases of poisoning from 
selenium fumes is small it is a distinct occupational hazard. Selen- 
ium is used to whiten glass and in the manufacture of ruby glass. 
Selenic sulphate in dry powdered form gives off fumes when melted. 
These affect the nose and throat in a manner described as similar 
to a “rose cold.” Absorption of the element apparently takes place 
for general sjTnptoms such as abdominal pain, vomiting and lumbar 
cramps have been reported. There is a characteristic garlicky taste 
which persists for a long period of time. This is caused by its con- 
version in the body to methyl sclenide. 

Selenium may be an impurity in copper ore and Hamilton has 
traced several cases of poisoning in copper works due to this source. 

Tellurium (Te).— Tellurium, like selenium, is used as a reducing 
agent in the manufacture of colored gla^ and is also found as an 
impurity in copper and lead ore. 

Telluric and tellurous oxide fumes may be inhaled in minute 
> Thiele: Zentralbl. f. GewerbcliygM 9. 01, 1921. 
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quantities and yet produce cvidciK£ of its presenc-e in tlic body 
by tlie odor of methyl tcllurid on the breath. Side and DeedC' 
report the case of a man who spilled tellurons oxide and scraped it 
up on a piece of paper without allowing his fingers to touch it. lie 
apparently absorbed some of the oxide through his respiratory tract 
for lie Jiad a garlicky odor on Jiis breath for over a week and a metab 
lie taste in his inmitli for two days. 

Absorption of larger aimmnts of tellurium result in diminished 
gastric secretion and suppression of srveat. The methyl tcllurid is 
constantly present in the saliva, sweat nml urine of poison cases. 

Occasion for poisoning has been reported by Side and Deeds in 
an electrolytic lead refincrj- where telinrium was present as an im* 
purity in the ore. These authors prerlict a greater incideuc’e and 
more severe form of poisoning from telhirium in the future hecaiise 
of Its growing use in industry. 

Brass.— Brass founder’s pidsoning, called brass founder's ague, 
i-j due to the inhalation of the fumes of zinc contained in this alloy. 
Pure brass poisoning, when not complicated by lead absorption due 
to the presence of this element In brass allots, is in reality a zinc 
poisoning. It may be met with in a few trades other than those 
handling brass, in which zinc is an important ingredient of the mate- 
rials. The copper content of brass alloy is believed to he inert 
insofar us poisoning is conceme<l. 

Controversy still exists ns to ibe nature of this form of poisoning. 
HepeatctI animal and human experiments have failed to produce 
tile .sjmptoms of brass founder’s ague by either the Inhalation or 
ingestion of zinc oxide ponder. Drinker® is of the opinion that it is 
only the freshl.i formed zinc oxkle from volatilized zinc which can 
produce this form of poisoning. The possibility that it may be due 
to traces of lead, arsenic or cadmium in tbe materials has apparently 
been ruled out. Drinker’s cxiilanatloii is based on the physical 
charactcrUtica of newly formetl zinc oxide, in wliich the particles 
are finely powdered and drj' in contrast to the larger, more sticky 
particles of old zinc oxide powder. This he believes facilitates 
absorption by the pubnonarj.’ epithelium. 'I’lie inhalation of brass 
fumes produces irritation of the throat and trachea and a painful 
cotigb. Tbe ague wcors ahiat>iptwvi\ awl has very much the 
appearance of a bacterial infection with chill, fever, s^^Eating, and 
prostration. Zinc can be recovered from the feces and occasionally 
the urine. 

Poisoning can occur in any industry where brass is melte<l or 

> Shie. M. D , and Deeds, T E : IT. S. Pub Health Serv., Pub. Health Rep., 
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zinc is volatilized. The most common process is in brass molding, 
the fumes being given off in dense quantities from the brass ladles 
and molds. Zinc smelters are expcwed to similar large quantities 
of the fumes. Indn idual •workers may be exposed to smaller amounts 
in fusing and soldering brass, especially when they must be close 
to their work over benches and blow pipes. 

Galvanization of zinc may give off fumes if the zinc bath is allowed 
to get hotter than necessarj', 

jiany industrial physicians believe that there is an immunity in 
some workers to zinc poisoning. This is an observation u’hich has 
not yet been confirmed. There is undoubtedly a wide variation in 
the susceptibility of workers but this may be due to many factors 
not involved in immunity. 



CIIAPTKII XIV. 

'I'lIE DEFENSE AGAINST NOXIOUS GASES AND FUMES. 

IimEsi'rriAnijR mid poisonous gases originate from two main 
faourccs: (1) Tlieir delUMirate manufacture in industry or in indus- 
trial processes in wliicli the materials from which they are evolved 
are in vise; (2) generation from natural processes or as cosmopolitan 
poisons from substances in common use. 

1. Industrial Sources.— Against those of tlie first category it is 
possible to apply all of the knowledge of industrial and chemical 
engineering and industrial mwUcIne. As scientifically planned as 
the chemical industries may be toilay, many of the individual 
processes employed are obsolete. Conservotism, ignorance and 
economy are the basis of most failures to improve conditions of 
manufacture in titc face of widespread propaganda for safetj'-first 
measures. 

Accidents will always happen, but there can be little axciMe for 
those responsible for the .safety of workers not to anticipate break- 
downs and leaks and be prcparcil for them. 

In the United States, government regulations, recommenda- 
tions of the Bureau of Mines, and Trade Unions are outstanding 
instruments through which safety measures can be encouraged or 
enforced. The average worker may be unable thoroughly to 
understand the particular hazards under which he is requir^ to 
work but he can readily be taught that a preventable danger exists. 
With this knowledge of bis risks he can force improvement in his 
condition, or accepting the risk, demand compensation. 

A striking example of the cllcctivcness of government interven- 
tion on behalf of the worker is the passage of the Esch Law, whicli 
cfTectively taxed white pluvsphorus out of the match industry. 
E.xpcdicncy then forced the use of the non-poisonous sesquisulphid 
of phosphorus which was already in use in other countries. 

The Bureau of Mines has spent countless sums in the study of tlie 
mining and ore industries and presented these occupations with 
many practical measures and devices to prev'ent accidents and 
poisoning. 

Tite use of tetra-etlij I lead in motor gas attracted the attention 
of the United States Pubiic Health Service and a special committee 
was formed to stud.\’ the possible danger of tliis material to the 
garage worker and priv'ate citizen; carbon monoxide studies have 
( 164 ) 
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been conducted on tlie busy streets of large cities to find out whether 
the man on tlie street Wiis being subjected to slow poisoning from 
automobile exhausts; scores of nuintcipal ordinances are in effect 
to control gas and fume nuisances and illuminating gas distributors 
are required under sanitary codes to add a characteristic odorant 
to their product. 

Of greatest value in prevention are the improvements in machin- 
ery and methods; new-type stills; the use of high temperature glass 
in crucibles and retorts; electric, in place of gas and coke furnaces; 
automatic dumping, pouring, ladling and cleaning devices; raotlern- 
ized shops with good ventilation under all weather conditions; indi- 
vidual hoods with blow or exhaust fans over tables, benches and 
open furnaces; collection and condensation chambers for by-product 
reclamation, re-use or disposal; air filters, dampeners and washers; 
various forms of chemical processes by which free gases are com- 
bined and rendered innocuous; improved building materials which 
will not retain or absorb volatile chemicals. 

As a result of these advances, the modernized chemical plant is a 
comparative!}’ safe place in which to work. The writer, in visiting 
one of the largest plants' in America in which some 150 by-products 
of oil were being made, nas unable to detect, by odor, the building 
in which chlorine was produced at the rate of many gallons daily. 
The industrial physician at this plant stated that the treatment of 
poisoning from tlie many forms of gas generated there was almost 
negligible. 

Unfortunately, such ideal conditions do not exist generally, and 
accidental deaths from absorption of poisonous gases in the United 
States amounted to 1095 in 1934. 

In the absence of effective central control the burden of reducing 
accidental poisonings must rest on those directly concerned in the 
industries involved. That is, industrialists must keep up to date 
with materials and methods; industrial chemists and engineers must 
give full consideration to the safest methods available; the employee 
must demand his right to protection and exert himself in personal 
prophj’lactic measures on his own behalf. 

I'fie mcfivfdual industries in which gas hazards exist are too 
numerous to permit discussion of the preventive measures to be 
applied in each. It will suffice to call attention to certain precautions 
which are common to many. 

FirstI}’, workers should be informed of existing dangers. This is 
humane and economical, cuts down emplo}’ment turnover, and 
prevents loss of labor-hours and output because of sickness. The 
^\orker who knows where to look for danger can always be on the 
lookout for it and frequently avoid it, and be prepared to combat it 
when it comes. 

Emergencj’ facilities should alwaj’s be at hand and every em- 
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ployce sliotihl be instructed as to Iiow and wlien to use them. This 
applies especially to yas masks, for all masks are not efficient, and 
few workers will use them routinely with any degree of effectiveness. 
Their use should never be i)ermitted to take the place of the more 
fundamental principle of preventing the cause for their need. 

Special attention must be callo<l to those gases and fumes which 
seem innocuous because they do not smell bad or irritate the nose, 
throat or lungs: carbon monoxide, carbon dioxide, hydrocyanic acid, 
liydrogcti sulphide (with a low margin of safety between its detec- 
tion by odor and its toxic concentration), phosgene, mustard gas, 
nrseniurctteil hydrogen, mercurj*, and lend. Kmployees engaged 
where then* gases exist must be protccteil from their own self assur- 
ance, for poisoning from them may reach an overw’helming degree 
before the worker liecomes aware of his danger. 

Personal cleanliness is of no less importance to workers with some 
of the volatile metals than to those using matermls irritant to the 
skin. Mercury especially may volatilize from the clothing and 
produce respiratory poisoning. Moreover, cleanliness of the skin 
although not strictly preventive, is of prime Importance in aiding 
elimination on<l assuring Iialancc of c.xcrefory functions. It may 
be tlint a person with a healthy, clear skin is less susceptible to 
general poisoning by absorption through the lungs. This is a pos- 
sible element in the whole mvolvcxl subject of tolerance. 

2. l^atural and Cosmopolitan Sources.— Tlie gas poisons ol the 
second group arc hazards to the general population. They consist 
of carbon monoxide, carbon ilioxide, hydrogen sulphide, ammonia, 
lead and the war gasc.s. Owing to their origin at times under the 
most innocent or unsuspcctol circumstances, deaths due to them 
arc frequent and often miexplained. On the other hand, familiarity 
with their poisonous effects has resulted in the use of some as 
suicidal and homicidal poisons. 

The only effectual measure against this group is e<lucation. No 
child should be permitted to go in ignorance of the fact that illumi- 
nating and stoi’c g-is is dangerous; every boy and girl in the grammar 
school grades should know* why a flame will go out if it is lowered 
into a deep well; adults .should know enough simple chemistry to 
understand why sewers sometimes blow up, and why it is dangerous 
to go down into man-bTiies anil alwillaT svlwTe wganw gases 

can accumulate ; and \ oung and old alike can understand the danger 
of warming up the autmobile in a closed garage. 

Everj open fire should be consideret! a potential danger from 
carbon monoxide. That more poisoning from this source does not 
occur is due to the manner in w'liieh stoves and flues are built. But 
faults may develop; the flue may become clogged with soot or it 
may have been closed off deliberately and not reopened when the 
fire was started again. Many grates and fireplaces in cheap dwellings 
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may lie passed on as safe insofar as fire hazards are concerned, but 
remain as efficient poison-gas generators. 

Banked fires and smoldering dump fires are especially dangerous 
and should not be permittwl for any length of time. 

Carbon monoxide is the dangerous ingredient of illuminating and 
cooking gas. Its entrance into dwellings is always through mechan- 
ical fixtures, and these are not always perfect and accident-proof. 
Old stoves and light-brackets become worn and rusted and thereby 
liable to leaks. A pet-cock may become so loose as to be turned on 
accidentally by the slightest touch. Inspectors and undern-riters 
should be diligent in their search for existing faults of this kind. 

The common habit of leaving a gas jet turned low as a night light 
is exceedingly dangerous, for a light draught or sudden wind may 
extinguish it and permit the free gas to pour into the room; or the 
pressure in the gas mains may fall to sueh a point as to put out the 
light and on the return of pressure the gas will then flow again, 
unignited. If the habit of keeping a night light is to be practised 
there should always be a partially opened window in the room, 
hut not so near the light as to permit it to be blown out. 

Carbon dioxide may be generated wherever organic material is 
decomposed. Most of the innocent, non-industrial poisonings from 
this gas have occurre<l through ignorance of the fact that old leaves 
and refuse, organic dusts, silage, dead animal products, and coal 
give off carbon dioxide when they decompose or rot, and that if 
this occurs in unventilated, closed spaces, the gas may accumulate 
there in poisonous amounts. 

Hj*drogen sulphide gas U often responsible for poisoning in con- 
fined spaces where there is decomposing organic matter. Although 
the characteristic odor of rotten eggs is warning enough in high 
concentrations only 2 or 3 parts per 1000 of air maj prove fatal. 
MTien conditions exist where b^'drogen sulphide and carbon dioxide 
are both being formed, the oxygen content of the air is greatly 
r«luced and overwhelming asplixicia may he sudden and fatal. It 
is largely because of this combination of gases that all sewers and 
drains are vented. Unskilled workmen should not be permitted to 
enter closed sewers, old vats or Jong-closed earthen cellars m'thout 
having first taken the precaution to see that they are aerated. For 
the same reasons farmers should be warned against entering silos 
before airing them. 

The dangers from automobile exhausts is great where it is neces- 
sary to heat up a cooled engine in the garage before taking it out. 
Under the discussion of carbon monoxide (p. 137) it was shown how 
rapidly this poison maj' accumulate to dangerous proportions from 
an engine running at idle in an average garage without ventilation. 
Everj- car-owner should be made cognizant of this fact. 

Acute poisoning from ammonia gas may result from the use of 
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nicotine. It is nl)snrl)e<l fmni tJic respiratory epitiieliiim and enters 
directly into tlie l)lood stream. Taken throngli this avenue it is 
I)obsil)le timt n piven dose may Ijc more toxic than a similar amount 
absorbed from tlic dipestive tract Iwcaiise the latter is required to 
pass tbroupli the liver. 

Aecordinp to Ilnppanl and Gn.'cnbcrp,' tlie pliysioloplc effects of 
nicotine ab'jorbed from flic respiratory tract ore elevation of blood- 
jircssure, increase in pubc-rate, increase in blood siip.ir and respira- 
torj’ quotient, and lowerinp of skin temperature in the extremities. 
Kvi<lencc points to these as tine to the action of nicotine on the sym- 
pathetic nervous system ami adreiwls. “Tobacco heart” is c.xplained 
b.\ the same mechanism. Doubt lias been tlirown on previous 
assumptions that nicotine affects the heart muscle directly. Laubry, 
Deplaiidc and Walser- conclude that small and moderate doses of 
niwitinc, correspondiup to the amounts nbsorbe<l by an averape 
smoker, pnxliiee vaso-rlilatioii, while stronper and contimieil doses 
prmhit'c \%eak vaso-csnistrlction. 1.110 latter is the common findinp 
in most recent investipations. The correlation of these effects witli 
the symptoms ordinarily nscrilxsl to tobacco smokinp are undoubt* 
cslly aipnificant. The lUzzmess, headache, palpitations, nausea, 
flushinp, and tinplinp in the finpers are all prone to be evanescent, 
irrepular and non-predictable ond it is difficult to know tchat 
nt'counts for their presence or alisenee in any particular ease. 

It is common o.vperlenoe for some of these sensations to be felt 
by inveterate smokers. It is probable that the habituated smoker 
does not ordinarily feci these effects because he unconsciously con- 
trols the dosape which he permits himself at any one time. Tlie 
assumption is that these symptoms arc real effects of nicotine absorp- 
tion, but that the experienced .smoker subconsciously feels one or 
more of them to an uncomfortable depree and temporarily loses his 
"ilesire” for smoking. He then cither crushes bis ciparette out or 
refrains from smokinp until the effects of the last smoke have passed 
off. TJiis theory has the necessarj’ correlations with the facts of 
common experience. 

Cushnj is of the opinion that the nausea and alxlominal symp- 
toms of tyros in the art of smokinp arc due to stimulation of the 
motor panplia of tile intestinal wall, wliich leads to exapgcrated 
peristaltic contractions and later intestinal paralysis. The fact that 
these symptoms are usually associated with beginners an<l are sel- 
dom seen in loop liabituatcil smok-ere has been used as evidence of 
a developing tolerance. It may be due only to inexperience in its 
use, since some experienced smokers develop real abdominal cramps 
after excessive indulgence. The loss or reduction of appetite attrib- 


' Haggard, H.W.,oi«iGTe«nberg.UE.; 6rwtico. 79. IC5, 1031 
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uted to smoking is explainwl by Haggard and Greenberg* as due to 
the elevation of the blood sugar level u'hich temporarily reduces 
tissue needs, and therefore hunger. Friedrich- states that nicotine 
produces hyperchlorln dria by increasing gastric secretion. 

Those M'ho accept tobacco amblyopia as a reality, explain it on 
the probable effect of nicotine on the postretinal ganglia, or the 
retinal or optic vessels. 

Although nicotine is kno\vn to have a vaso-eonstrictor effect it 
has not been proven that smoking is primarily concerned in the 
etiology of arteriosclerosis, endarteritis obliterans, atheroma, Ray- 
naud’s disease, or angina pectoris as has been claimed by some. It 
may aggravate these conditions, however, adding its vaso- 
constrictor effects to those already existing in these conditions. But 
the most cautious students of the subject refrain from denying the 
possible harmful effects of smoking in individuals who have any 
conditions manifesting impaire<l circulation. Ochsner, Gage and 
Ilosoi* believe that tobacco smoking may be one contributory factor 
in the development of peptic ulcer in individuals who have an ulcer 
predisposition. 

Tolerance to tobacco resoh'es itself at present to necustomedness 
to its use and the control of disuse. In e.xplanation of apparent 
intolerance there is the possibility that there raa\ be an individual 
susceptibility to absorbed nicotine since sensitivity to it by skin 
contact has been shown to exist in some persons. Susceptibility 
may be only anotlier way, hoivcver, of c.xpressing liyperirritability 
of the autonomic ner\’ou3 system. 

Snuff is powdered tobacco. It is weaker than smoking tobacco 
and the amount of nicotine absorlicd b) its inhalation through the 
nose is probably small. Its continual use ma.\ give rise to catarrhal 
conditions of the nasal mucosa. 

Opium.— Opium is smoked for the effects of its main alkaloid, 
morphine. The use of the dnig in this form is still practised gen- 
erally in those countries in wliich it has long been a national habit. 
It was also smoked in the occidental countries when it was first 
introduced to them, but this method has been almost completely 
replaced by the use of opium preparations by mouth or injection. 

As prepared for vise in the pipe, opium is a thick, inspissated mass 
obtained by infusing, washing and evaporating the juice of the 
poppy plant, Pajxirer aomniferum. It still retains the plicnanthrene 
alkaloids, morphine, codeine and narcotine, but the isoquinoline 
alkaloids have been separated out with the resins, caoutchouc, fats 
and oils. Morphine taken in this way has none of the bitter taste 
of the alkaloidal salts, and this fact combined with the aromatic 

> Haggard, H. W., and Greenberg. L. E . Srienee, 79, 1C5, 1934. 

> Friedrich, R.. Arch. f. klin. Chir , 179, 9, 1934. 
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line nitrites and the loss of the ntnyl radicle through oxidation, 
'llie nitrites are eliminated in the urine as such or are first oxidized 
to nitrates and then eliminated. 

Ether. — Absolute ether Is ethyl o.\ide. Commercial sulphuric 
ether is 00 per cent liy weight ethyl oxide and 2 to 4 per cent alcohol. 
It is tlie latter that is ustsl ns an anesthetic. Sulphuric ether is 
highly volatile, colorless, heavier than air, ami inflammable. 

Concentrated etiicr vapor ia higlily irritating to tlie mucous mem- 
bnincs of the respiratory tract and when inhaled too quickly causes 
spasmodic arrest of respiration. For this reason it is generally 
administcrcfl slowly, allowing it to mix with air, or oxygen is given 
along with it. 

The amount of ether that enters the circulation from the aKeoU 
is dependent upon its partml pressure; i. e., the balance between 
the ether r-onarntration in the alveoli and in the blood. An excess 
on eitlicr side causes its })assage toward the lowest concentration. 
ForciMl anesthesia can therefore raise the concentration in the lungs 
to a point tlint will bring the amount in the blocnl to dangerous pro- 
portions. Conversely, to allow the air or oxygen to enter the alveoli, 
or to force the other out of the lungs by artificial respiration will 
permit passage of the ether ont of the blood. • 

Ether is primarily a depressant of the sensory side of the bruin, 
iiKxluIla and spinal cord. Increasing concentration depresses the 
motor tracts and motor side of the medulla. Its action on the nerv- 
ous system is probably a simple chemical reaction witli cellular 
constituents, most likely the lipoids, and a temporary inhibition 
of their functions. Hare states that the diaphragm is the ^rst part 
of the respiratory mechanism to yield to rc'^piratorj- paralysis and 
^ibservation of this organ <luring anesthesia is as important as 
watching the reflexes and respiration. Death from overdosage of 
ether is <lue to paralysis of the respiratory center. 

Anoxemie s.Mnptoms such as cyanosis, jugidnr pulsation, and 
general circulatory failure, should not be confused W’ith those due 
to ether. 

Ether does not lias e any dam.nging effect on normal kidneys but 
may produce suppression of urine in nephritic subjects. The ten- 
dency of ether to cause addosis makes it a dangerous drug to use 
in the presence of diabetes inellitus unless it is employed in liglit 
amounts. 

The nausea and vomiting after ether are frequently the result 
of its improper use. Careful administration at the beginning, the 
prevention of overconcentration at all times, and judicious admis- 
sion of air and oxj’gen toward the end of anesthesia should reduce 
the after effects to a ininimuni. Postanesthetic ileus is more often 
<lue to faulty preparation for anesthesia and poor surgical technic 
in abdominal operations than to ether itself. Ether is contra- 
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indicated, or to be used verj’ cautiously, in the presence of bron- 
chitis, pulmonary tuberculosis, nephntis and diabetes. It is danger- 
ous in subjects with arteriosclerosb and aneurism. 

Chloroform (CHCI3).— Chloroform is a highly volatile liquid with a 
sweetish characteristic odor. It is non-irritating to the respiratory 
passages. Its absorption and elimination by the lungs is, like ether, 
dependent on the partial pressure of the gas in the alveoli and lung 
capillaries. Absorption of dangerous amounts is enhanced by the use 
of the “closed method” that is its administration with little air or 
oxj'gen. Elimination is favored by any measures which hasten its 
removal from the alveoli. 

Chloroform acts intracellularli' on nerve cells bj' entering into 
chemical change with the cell lipoids. It 6n,t produces loss of con- 
sciousness by its effect on the higher brain centers and subsequently 
depresses the sensory and motor sides of the brain, cord and medulla. 

The most immediate to.vic effect of chloroform is on the circula- 
tory system. It is a direct poison to the musculature of the heart 
and blood-vessels. As a result, the heart beat weakens, the ventricles 
come to a standstill in diastole, and the vessel walls dilate. Together 
these effects can lower the blood-pressure to a fatal degree. 

Chloroform also produces anoxemia by reducing the oxygen- 
carrj’ing capacitj* of the red blood cells. 

Chloroform is a metabolic poison as shown by the production 
of fatty degeneration of the liver, kidney and heart. This may 
occur after a single dose, but more frequently follows repeated 
administrations. 

Acetonuria and glycosuria arc often seen after chloroform, prob- 
ably the result of liver damage. It is therefore a dangerous anes- 
thetic for diabetic subjects. 

Nitrous Oxide,— Nitrous oxide (N:0) is a non-irritating anesthetic 
gas widely used for minor operations and in dentistry. Recent 
apparatuses for its administration have been so perfected that con- 
trol of the dosage and admixture with air or ovj’gen make it pos- 
sible to use nitrous oxide for prolonged anesthesia. 

It is absorbed through the alveolar epithelium and carried in 
simple solution in the blood. 

The action of nitrous oxide is two fokl; it has a specific effect on 
nerve tissue, and as an inert gas protluces anoxemia by exclusion 
of oxygen. On the brain, it acts by chemical reaction within the 
cells. 

Pure nitrous oxide produces rapid and fatal anoxemia. There 
is early cyanosis, deepened respiration, slowing of the pulse and 
elevation of the blood-pressure. Admixture with oxj’gen diminishes 
these effects in direct proportion to the amount of oxygen used. 
For effective anesthesia without anoxemia a mixture of 92 or 93 per 
cent nitrous oxide \\ith 5 to 7 per cent oxygen is found best. There 
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is a wide marpiti of safety between the concentration necessary for 
anestlicsia and timt uliich will cause deatli. 

Nitrous oxide is not n tissue poison for its use results in no after 
cirects. A liarinless symptomatic glycosuria may appear temporarily 
after its use. 

Many warn against the use of nitrous oxide in cardiac cases lie- 
eatise it increases liloofl-pressure but this stems to be an unwar- 
ranted fear for no serious elevation of blood-pressure will occur 
if the anesthetic is properly mixed with oxygen and the mixture is 
carcfiilly controlled throughont. 

Ethylene.— Ethylene {Clfi — CII?) is a g.is at ordinary room tern- 
I)erature3. It is supplied for anesthetic purposes in compression 
eylinderj. 

As used at present in a mixture of 90 per cent ethylene and 10 
jjer cent oxj-gen, it is the most satisfactory general anesthetic. 
Absorption a7id elimination appear to be entirely through the lungs. 
Its only important phy.siologie action is its inhibitory effect on, 
first the sensory, and then the motor sides of the broin. 

A slight fall of bI<K)d-prcssurc of 10 to 15 mm, may occur after 
its prolonged u«e. It Is iion-irritnimg to tlic air passages and pro- 
duces no anoxemia. 

The only apparent tlanger comi<‘Cto<l with the use of ethylene is 
its explosis’c cluvracter when mixed with air. This can occur most 
readily \vlien the ctliyleric constitutes between 75 per cent and 25 
per cent of the mixture. Ignition from static discharges in the 
anesthesia apparatus lias occurred. 

PREVENTION OF POISONING BY INHALED DRUGS AND 
ANESTHETICS. 

Drugs acquired by inhalation are taken deliberately for personal 
gratification, for use as medicine, with suicidal intent, or are admin- 
istered as medication, anesthetics or homicidal agents. Prevention 
of intoxication from this class of poisons must consider their avail- 
ability to the general public ami the factors that influence their 
use or abuse, and must recognize the dangers in their administration 
for medical purposes. 

Tobacco, opium and cannabis must be looked upon os social 
j)oibon3. Wliilc their me is intentional and individual tliey are 
important factors in the social life of the community and tlieir 
existence there as potential poisons is of great importance to public 
health. Unfortunately, the concern of societA’ regarding them is not 
so much with their health aspects as. with the economics of their 
production and distribution. 

Opium is primarily an Old World drug and tobac-co belongs to the 
New World. The interchange of these two drugs between tlie East 
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and the West has been the most important factor in the degradation 
that accompanies their use. Opium, as smoked in China is relatively 
liarmless compared to the way it is used by the degraded unfortu- 
nates of Western society, and tobacco as formerly used in moderation 
and by a few in Europe and the Americas, was much less of a health 
menace than its present use by both sexes, and all ages in tlie Far 
East. 

It can be admitted as proven that tobacco is a potential poison. 
One of the most remarkable phenomena of the present day is the 
almost unquestioned acceptance by society of a poison such as 
nicotine. Propagandist advertising has turned an unhygienic vice 
into a twentieth centiirj’ virtue. No regard whatever is giv'en to the 
potential health hazards of tobacco abuse, apparently reflecting the 
assumption that it is not abused. Tobacco smoking is an acquired 
habit, continued in most cases in spite of a disagreeable, if not stormy 
introduction to its use, and the admission by most smokers that 
there are times when they wish they could give it up. Physicians 
in general have no clear-cut opinions about tobacco smoking. They 
base their judgments largely on empiric observations on their 
smoking patients and friends, accepting subjective opinions about 
it from others and tincturing their own judgment with their personal 
prejudices for or against it. 

The TiTiter is convinced that there is sufficient c^^dence to brand 
tobacco as a poison for the great majority of users, for the habitual 
smoker repeatedly abuses it. .Accepting what is known about 
tobacco preparations as they are smoked today and the physiologic 
effects of nicotine as they have been presented, it is imperative that 
doctors safeguard the public health by sound advice about smoking 
and by counter-propaganda fo that which proclaims its harmlessness 
and virtues. 

This must be done against advertising which presents only the 
esthetic sides of smoking and the qualities of the various brands, 
and the insinuations of their harmlessness in the testimonials of 
famed athletes, singers and social, business and intellectual person- 
ages. 

Instead of deploring the use of tobacco entirely, or commending 
it for its soothing effect on jangled nerves, or simply condoning it, 
the physician should e.xert bis influence toward impressing the would- 
be smoker with the fact that he is about to take up the use of a poten- 
tially harmful drug. He should teach moderation; interdict it when 
necessary on medical grounds; advise and instruct on the possibil- 
ities of intoxication by abuse, or hypersensitivity to tobacco. 

Legal measures to prohibit the sale of tobacco to minors have 
been forgotten in the current wat"© of unprecedented sales. It is 
likely that these Ians if enforced would ha\e little effect in view 
of the ready availability of cigarettes from private sources and the 
12 
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lack of any tinitwl public opinbn apain-it their uw? by young people. 
Much has been said about the efTect of tobacco on adolescents but 
no reliable evidence is at hand to show that it is more harmful during 
the growing period timn after maturity. 

In conclusion, the prevention of tobacco poisoning is tlie preven- 
tion of nicotine intoxication. Since this latter occurs to any appre- 
ciable extent only in e.xceptional drctiinstanccs attendant on its 
use and is not an inevitable concomitant of smoking, j)revt*iition is 
simplified for the individual by rational control or the acquisition 
of good habits of use. IVciUsposing factors such as nervousness, 
W01TJ-, restlessness and the s-itisfaction obtainwl from the asso- 
ciated automatic movements, such as rhytliinic movements of the 
hands, lips or jaws which smoking brings about, are all to be taken 
into fonsiderntinn in attempting to control the extent to which an 
incUviclual smokos am! his liability to intoxication. These are 
psychic factors which are amenable to control and their raiitrol 
should go far toward preventing tobacco poisoning, 

Opium and cannabis smoking can be consttlcred together because 
they arc liotli emjiloycd in the same way for the same purpose, tlint 
is, for their narcotic effect. This precludes their casual use through- 
out the day and duriug working hours and limits them to periods 
of Idleness. They are therefore intimately bound up with the life 
and cu-stoms of the people, or to deliberate addiction to them at the 
expense of other nctiv’itics. ITius. In the Far East, opium smoking 
is the customary enjoyment of after-working hours of many, while 
in the West its use is largely restricteil to narcotic habitues. 

International agreements rcgidating the opium trade are the 
broadest measures taken against the widespread use of this drug 
and national laws haie ser\'eil well to regulate its a\aUabinty in 
limited communities. The Commission on Opium Traffic of the 
lycague of Nations has been the potent instrument in world-wide 
control and Federal and State Narcotic Laws have restricted its use 
in local areas. There is strong reason to believe that these efforts 
are bom more of economic than health reasons. In the United 
States the unlicensed possession of opium or marihimna is a punish- 
able offense— it is not necessarj' that the possessor have it for sale. 

Opium sttvukiug bws wevet become, a. national habit in the United 
States and the use of marilmana has only recently come to public 
notice because of the increaang number of convictions obtained 
against its users. In the case of both drugs, it is more a matter 
of the types of persons who use them than a question of harm from 
their use. The opium and marihuana habitue is notoriously an 
unfortunate character, primarily a constitutional inferior or ps^xho- 
pathic personality, an adventurer or a coward, a sensualist, or a 
youthful bravado. (This does not apply to narcotic drug addicts 
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in general, but only to those who resort to the time-consuming 
method of smoking opium and cannabis.) 

In the great majority of cases the use of these drugs should be 
looked upon as an unfortunate concomitant of more serious per- 
sonality defects and because of their habit-forming nature every 
effort should be made to keep them out of the hands of those liable 
to be misled bj" the false hopes attributed to their addiction. Tlie 
temporary pleasures accompanying their use can only be followed 
by further degradation brought about by acts performed under 
their influence, or the sly, underhand measures resorted to in order 
to obtain them. The most far-reaching efforts toward the preven- 
tion of opium and cannabis poisoning will always be those directed 
toward the welfare of their potential users. Of special importance 
are those undertakings that limit their availability to adventurous, 
ueak-willed, mimicking youths, who take them first out of a spirit 
of bravado or because it is the “thing to do” in the company in 
which they are thrown. 

General anesthetics administered for legitimate medical reasons 
act as poisons in bringing about their desired effects, but medical 
anesthesia keeps these effects to sublethal amounts. Any anesthe- 
tic can cause death from an overdose and it is the recognition of this 
possibility that underlies the prevention of accidents from them. 
Prevention must be base<l on knowledge of the physiologic effect 
of these profound poisons, their limits of safety and special consider- 
ation of the person anesthetized. Since the anesthetized person is 
unconscious, objective measures of the degree of intoxication must 
be relied upon. Rules of thumb are unsafe, and unintelligent. For 
this reason the anesthetist must have complete understanding of 
the technics of anesthesia and a sound medical knowledge witli 
which to interpret unto\\ard reactions. The anesthetist should 
be chosen with as much consideration of his ability as the surgeon. 

For the criteria upon which one anesthetic is selected over others 
for different operations and in the presence of particular pathologic 
conditions the reader is referred to fuller works on that subject. 
Chloroform is the anesthetic most commonly employed for homicidal 
purposes. It cannot be used for suicide because the state of uncon- 
sciousness produced precludes its continued self-administration to 
fatal amounts. Chlorofonn can be purchased in the open market so 
there is no way to prevent its use with homicidal intent. 

DUST AND Am-BORNE PARTICLES. 

(ExcLusnx OF Microorganisms). 

Moving air is the vehicle by which finely divided particles sus- 
pended in it are carried into the nose, mouth, throat and lungs. 
The amount and variety of such particles in a measured amount 
of air depends on the extent of the sources from w hich they originate, 



ISO DUFENUE AQAINHT NOXIOUS GASES AND FUMES 


the forces Avlikh projwl them into the air, the physical state of tlie 
utniosphere, their size, .siJCtific gravity and surface area, the velocity 
of motion imparted to them from their source and tlie rate of motion 
of the air wliicli carries them. Due to the wide variability of these 
factors, the number of particles per given volume of air varies 
greatly. Kveti the purest air at the earth's surface (except wlien 
tlelibcrately purifietl in the lal>oratory) has ineasiirablo amounts of 
ilust in it, the counts ranging from ItXX) or less particles to many 
million per ciihic liter. Their size may x'ary from less than 1 micron 
in diameter to the visible fillers of vegetable origin which may be 
seen floating across a sunbeam. 

The human organism is therefore surrounded constantly with 
dubt-eontaminated air. Wiether ihcbc foreign particles can do 
harm must depend on whether they can produce pathologic reactions 
when introduced into the l>ody. Por a gi\cn t.VTie of particle, the 
“<losc” must also be considered, and this in turn is dependent 
upon the amount present in the air and that which actually reaches 
the tissues where the reaction occurs. Inhaled particulate matter, 
then, has the same criteria as other inspired poisons; i. e., its physical- 
chemical nature and its dosage. 

Within recent years almost all harmful inspired particles have 
come to be looked upon ns chemical agents of disease. If their purely 
pliysicnl nature, such as haniness or roughness is responsible for 
harmful effects it is probably so to a very slight extent. On this 
assumption an inhaled particle which has the power of producing 
harm dots so by entering into chemical or physico-chemical reaction 
w'itli the bod.s' tissues; those substances whicli gain entrance to the 
respiratory sNstem and do no barm arc cliemicaily inert and are 
disposed of by normal defense processes of the body. In this latter 
instance the pathologist may demonstrate local tissue reactions 
but these do not impb' disease— they are morphologic evidences 
of the ability of tissues to react within their limits of tolerance. 

The first defense of the IkhI.v against dusts is the filtering power 
of the nose. This is effected by the presence of hair in the external 
nares and the large moist surface of the internal structures of the 
nose. Lehmann' finds wide variation in the efficiency of this mechan- 
ism. He has demonstrated that some nares filter out more than 
70 per cent of a measured amount of dust and others are hardly 
able to remove any of it. 

The column of air which passes through the nose strikes the 
moist mucous membrane lining the naso-pharynx and pharv-nx. 
Here more particulate matter is removed by the sticky mucus. 
The same holds true for the lining of the trachea and bronchial 
tree. Disposal of the impinged particles is bj- discharge of mucus 
from the nose, tlie swallowing of phaO’ngeal mucus n^ed with 
saliva, the outward motion of the bronchial ciliated epithelium which 
' Lebmann. G ' J. Indiiat. Hyg., 17, 37, 1933 
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carries the mucus to a position from where it can be coughed up, 
and the action of phagocytes which take up particles that have 
yeached the lung tissue proper. 

Probably a very small percentage of foreign particles ever reach 
the lung tissue. Adelaide Smith estimates that silica particles of 
more than 10 microns in their greatest diameter never do so. 

Foreign particles suspended in air originate from two sources or 
circumstances of origin: 

1. Cosmopolitan sources. 

2. Industrial sources. 

Cosmopolitan Dusts are complexes of organic and inorganic mate- 
rials made up of mineral debris from the earth’s crust, finely dividetl 
or powdered vegetable matter and pollens, and particles of animal 
origin. The amount of inorganic elements is of sufficient volume to 
be harmful only under exceptional circumstances, such as during 
dust storms or in regions where the atmosphere is polluted by 
industrial plants, nearby quarries or other dust-raising activities. 
The lungs of most city dwellers show variable amounts of carbon 
and silica deposits even though these people may never have been 
engaged in dusty trades. Inorganic dusts breathed in under ordin- 
arj' living conditions are probably harmless, at least to the lungs, 
but where meteorologic conditions are favorable the continuous 
habitation in a dusty atmosphere may result in catarrhal changes 
in the nose and pharynx. 

Sensitisation.— Vegetable and animal particles in common dusts 
may be distinctly harmful because of individual peculiarities in 
the reactions of certain people to even minute quantities of them. 
This reaction is known as hj-persensitiveness or allergy and is 
a specific response of the tissues of the body to these organic 
substances. So far as is known, allei^ic response is elicited onlj' 
by proteins (possible exceptions are discussed elsewhere). The 
undoubted chemical nature of hypersensitiveness places foreign 
proteins among the exogenous chemical agents of disease. Although 
the complete mechanism of the allergic i^ponse is not understood 
the initiating process seems to be cellular in origin. In the case of 
inspired pollens it is probably the cells of the upper respiratory 
tract which are first involved. Eventually, cells in tissues widely 
separated from those in the nose sliare in the ability to react to the 
specific protein responsible for the condition. Tlius, in asthmatics 
the skin epithelium becomes sensitized and reacts to the specific 
pollen which first affected the respiratory epithelium. Many 
authorities believe that chemical receptors are produced by the 
tissue cells in an attempt to deal with the large, non-diffusible pro- 
tein molecules. These chemical substances break up tlie complex 
proteins, and permit them to be absorbed but the cells remain 
“allergic” or sensitir-e thereafter and retain the power to react 
rapidly to subsequent experiences with the same specific protein 
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molecule. Tlicre is evidence that an aromatic carbon ring in the 
protein molecule may he largely reiimmiblc for the process. It ia 
suggestive tliat glycerin is the only protein incapable of producing 
allergic response and that it contains no aromatic ring, its carbon 
atoms being nrrange<l in a chain. 

Relow is a partial list of the sources of natural proteins capable 
of proflucing liypeasensittveness by way of the respiratory tract. 
Tlicy are all capable of being throa'ii into the air and inhaled, but 
their size (mostly over 10 microns) probably precludes the possi- 
bility of their reaching the lungpro^KT. 


POAKT PotXENS. 


Southern ragweed— /Irnirosia e/oh'or 
Ciiant rngvxTod— ylm!»ro«m irijitia 
Lamb's quarter— C/ienepofhum at- 
bum 

IJcnniida grass— Cynodoa daebjlon 
Timothy— Plileim prolenie 
Rod-top— ylgroslM aWa 
Orchard grass— floc/ytu glomerala 
Couch grass— vtjrro^yrrtn repcM 
Oicklcour— A’on//iium commune 
Marsh (cord) grass— 5par/tna glabra 
Foxtail— Aloflfcunts pratensis 
Plantain— Pwjgfljo ipp. 

June (blue) grass— P m prataiM 
Sweet vernal— /tn/AoxeniAum odor- 
alum 

Crab grass— Pontcum iangutnale 
Sliecp iioiTel— Puwfx acctosella 
Rye grass— Z,oh'u7rt perenne 
Yellow dock— Ri/mcx erUpus 
Spring (spiny) amaranth— Ainoran- 
thue spinosus 


Ilcmp weed— CannnAw satha 
Pig-wced— ybnoran^Awj relrojtexua 
Hop— //umub« lupulua 
Marsli elder— /tn/ru/xs«7« 

Prairie Rage— ^rimtsia ludoviciana 
Annual sage— Arlsrnvrio annua 
lirome grass— Promits ciliatua, B. 
racemoiua 

Coldenrod— memoraUa 
Elm— Wmw »pp. 

Birch— PriuAi ni^o 
Qak—Quereua app. 

Asli— ProjinM americana 
Ih'ne— Plans app- 
Alder— A/nus app. 

Lagustrum— vulgart 
Cottonwood— Popidus deltoidca 
Black wtdnut— Jwffians mVra 
IIickoTv— Carya app. 

Box elder— Acer negwnrfo 
Ironwood— Osfrya rirspnico 

Doaire. 


Te.'ik 

Boxwood 

Redwood (Sequoia) 

Cotton and eott(m«cc<l 

Orris root 

Wlicat 

Mah 


Flax 

Jute 

Rice 

Com 

l^pok 

Hay and straw 
House dust 
AnouTcKit 


Anisui. PRODDCra. 


Cow dander 

Horse dander— hor«e hair 

Dog hair 

Cat hair 

Mouse products 

Leather 

Fish glue 

Rabbit products 

Guinea-pig products 


Sheep wool 
Afohair (goat hair) 
Alpaca and llama hair 
Feathers 

Muskrat products 
Mink products 
Chicken feathers 
Goose feathers 
Duck feathers 
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The foreign proteins contained in these sources are called anaphy- 
lactogens. Upon their prop«r introduction into the animal body 
antibodies of specific nature (anaphyJactin) are formed against 
them. It requires about eight diays for the active production of the 
anaphylactic (allergic) state. 

Weih believes that the antibodies are fixed in the cells and it is 
there that the reaction with the antigen occurs. 

Apparently, during the process of breaking up of die proteins 
by the cells, a fraction is liberated or generated, which is responsible 
for the clinical manifestations of anaphylaxis. This still unidenti- 
fied substance is called anaphylotoxin and appears to be the same 
for all anaphylactogens. 

On the basis of this theory there is therefore a specific reaction 
for each foreign protein (or at least closely related origins of the 
proteins) and a general reaction common to all anaphylactogens. 

The moat common clinical manifestations of allergy produced 
by inhalation of proteins are hay fever, allergic rhinitis and asthma. 
The seasonal incidence of these diseases is in no way related to any 
seasonal changes in the tendency or susceptibility to react to the 
antigens, but is a reflection of the time of year when their source is 
most abundant; e, g., pollenation of early spring grass in May and 
June and of the rag\veed m late summer and autumn. Non-seasonal 
asthma and other allergic diseases are due to substances commonly 
present the year-round, such as those of vegetoble dust and animal 
origin. 

One of the most important questions in the etiology of allergic 
diseases still remains unanswer^. Wiy should only a few of all 
those exposed to the common sources of foreign proteins develop 
hypersensitiveness? Tlie answer must rest in some unknown factor 
in the mechanism. Tn-o suggestioas have been made-'first that 
there is an inherited constitutional basis for the development of 
allergy, and second that some pre-existing postnatal condition has 
altered the local resisting mechanisms in such a way as to permit 
large protein molecules to come into intimate contact wth the 
tissue cells. Such conditions as catarrh or other injuries to mucous 
membranes have been suggested as contributing causes. It has 
also been postulated that exhaustion from general conditions, such 
as neri'oiis shock ma^' be a cause. 

Obviously, it is imptirtant that an explanation be found for the 
wide discrepancy between the many opportunities for the develop- 
ment of hj-persensitiveness and the relatively few instances in 
which it actually results. 

Industrial sources of dust may include special opportunities of 
exposure to many of the etiologic factors already considered under 
every-day living conditions, '^us, farriers and hostlers are daily 
> Weil. R.; Jour. Med. Rea, 37. 497, 1913. Ibid , 32. J07. 1915 
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exposed to animal emanations; tanners, furriers and wool workers 
frequently work in dusty atmcKsplicrcs containing liair and wool; 
sawjx’rs and wood workers arc exposed to the allergens in saw-tlust 
and glue; farmers work in the dusts of hay and straw, especially 
during harvesting; bakers and millers breathe tlic dust of ground 
corn, wheat and rye; laboratory workers Jiandle rabbits, mice and 
guinea-pigs. In these trades, as in civil life, allergic diseases are 
common and the same question arises as to why some react and 
others do not, or why some <lcvclop liypcrsensitivcness only after 
long exposure to the causative agents ami others almost immetliatcly 
after taking up the trade. 

The importance of inorganic dusts met with under industrial 
conditions is in direct contrast to the part they play in exposures of 
cverwiay life. Pneumoconiosis is almost entirely an industrial 
disease. ^Yhile it may be seen in minor or subciinical form in the 
non-industrial population it assumes high economic importance in 
the industries and becomes a real I'ndustrml hazard. 

Many of the common names for diseases met with in dusty trades 
show this connection; "miner's phthisis;” ''miner's asthma;" “stone- 
cutter’s phthisis;" "potter’s rot." 

Mineral Dusts.— tSih’cosw.— Silicon is cstimatwl to constitute one- 
fourth of the earth's crust. All of the sandstones, granites, cla^-s, 
quartz, feldspars and micas are largely silicates. Combinations of 
silica witli other minerals are present in the great majority of all 
mine and quarry products, and the \egetable kingdom contains 
varying proportions -of silicates tleposited in Uie fibrous materials 
of stems and leaves. 

Opportunities for tl»e pulverization of silica compounds are great 
in many of the commonest trades. In this state silicon can be 
inhaled, and provided the particles are small enough (less than 10 
microns) can reach thftermin.al pulmonary epithelium. The present 
concept of silicosis is that of a physico-chemical reaction within the 
lung tissue between the soluble hydrate of silica and the alkiiline 
solute of the tissues. It is held that carbon and clays inhibit the 
solubility of the hydrosol by coagulation and the formation of col- 
loidal silicon. 

Silica p.articles are not subjectively irritating to the respiratory 
membranes unless in sufficient amounts to produce choking by a 
cloud of dust. 

On absorption in tlie lung tissue, silica is pliagocj-tized and, within 
tlie cells, is carried along the peri\-awular and peribronchial lymph- 
atics. In time these cells accumulate along the bmph channels 
and cause blockage: a productive inflammatory reaction is set up 
about them. Typically, the reaction is a fibrosis and appears as 
nodules built up in whorl-like formations whidi may reach se^-eral 
centimeters in diameter. Linear deposits and fibrosis also occur. 
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The fibrous tissue undergoes contraction and brings about the dis- 
tortions of tile lung architecture. Witli complete blockage of a 
lymph drainage system in any area the phagocytes invade the pul- 
monarj' septa and there produce similar fibrotic reactions, in this 
instance diffuse and tending to be widespread. All the tracheo- 
bronchial and hilar lymph nodes become involved early and show 
the same fibroblast response. 

Central necrosis may occur in the interior of a silicotic nodule. 
This is believed to be due to toxic death of cells and not to depriva- 
tion of blood supply. 

Fallon' concludes from his experimental work that the monocytes 
become loaded with quartz particles and that this produces disinte- 
gration of the monocj’tes and the discharge of their contents. The 
liberated silica, which he believes is practically unchanged, stimu- 
lates further monocyte response and permits a repetition of the cj cle. 

The length of time required for the development of silicosis 
appears to be determined largely by the physical conditions under 
which it is acquired. Of these, the most important is size of parti- 
cles, which in turn is the surface area of the silica inhaled. Very 
finely divided particles, such as those in blast dust, present a rela- 
tively larger surface area in the aggregate than the larger dusts 
encountered in stone-cutting. This greater surface area enhances 
solution and phagocytosis. (It must be recalled that blockage of 
lymphatics is not produced by mechanical obstruction by silicious 
particles but by damaged sillca-beariiig cells.) 

Experimental silicosis may produce demonstrable clianges in 
three to six months. Actually, silicosis does not assume clinical 
importance until after several years’ exposure. A rapidly developing 
case may appear in two years. The average exposure of silicoties 
has been found to be around twelve years. The rapidity of develoi>- 
ment varies with the trades in which it is acquired. JIa\Togordato 
reports the mean duration of exposure of miners in the Witwaters- 
rand as ten to eleven years; the Britkh pottery industry twenty-five 
jears; porcelain industry ten years or more; sand blasting, less than 
three to eight years. 

Great interest is centered arovnd the possibie rdie of silicosis as a 
predisposing or aggravating cause of pulmonary tuberculosis. The 
opinion now holds that the chemical-cellular changes produced 
by silicosis produce a soil especially favorable to the gro^rth of the 
tubercle bacillus. IMost advanced silicoties have pulmonary tuber- 
culosis and most deaths occurring In those with silicosis are due to 
tuberculosis. Fallon demonstrates a local increase in phospholipids 
in silicosis and tuberculosis which he attributes to deri\ ation from 
the monocytes in the lesions in both of these diseases. Silicosis is 
' Fallon, J. T. Canad Med. Asan. Jour , 36, 223, 1037. 
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now rccognizcti ns one of tlie most important occupational diseases. 
It is found most frcrpiently in the lollowing trades and industries: 

rine silicious sand is blown from pneumatic 
blasts to wear down or polish stone and metallic surfaces. Thick 
clouds of sand from the blast and the material being polished sur- 
round the nozzle of the blast. A large proportion of the sand grains 
are less than T) microns in diameter, due in part to repeate<l use of the 
.same sand. 

Grniiite-cutliiig.~A fine dust arises from tlie sawing and chipping 
processes. 

Samhionc-quarryUig.—Onc of the most prolific sources of silicosis 
through cutting, drilling and blasting. 

Melal Orinding.—Dwt pro<luccd from sandstone and other 
abrasive \\ heels. 

/fr/rndories.— Gannister and silica brick manufacturers. 

Mining. —Some silica is encountered in nil mines. Coal contains 
varying proportions of silica. Tin ores, feldspar, quartz, slate, and 
mixed dust from mines for precious and semi-precious stones may 
all yield high silicious dust. This is especially true when blasting 
is uschI for loosening. 

Pottery and EnameUcare.—Hwa to ground flint, powdered clays 
and feldspar. The compound dust is shaken into tlie mnhls and 
blown off during the firing process. 

Manufacluring Scouring 6’oo;w. 

Soapstone and Tate Industries. 

Tunneling and Subsurface Engineering ProjecU, 

Grinding and Threshing of VegetaUe /’tiers.— Cane, comhusk, 
grain and other liea\'y cellulose fibers may yield a fine vegetable 
dust eontniiiiiig silicates. 

Asbestosis.— ^Isbestos is a form of serpentine. It is a hydrate<l 
ammonium silicate containing 2.0 per cent free and 44.1 per cent 
combined silica along with small amounts of iron and nickel. 

In the inineral seam, asbestos occurs as a compact stone made up 
of asbestos fibers. It is obtained by blasting in open quarries. The 
fabrication proce.sses for the manufacture of sheet asbestos, asbestos 
cement and asbestos tc-xtiles require first that the asbe.st03 rock be 
crushed and tcaserl. Opportunity for dust to arise occurs at the 
quarry, tiie erusliing plant and the manufactor}’. Tlie greatest 
hazard arises in the shaking and sorting process where the asbestos 
fibers are separated and handleil commercially. 

Asbestos owes its patholt^ic significance to the contained silic.a 
and asbestosis is a modified silicosis. In the fiber form it is relatively 
less soluble than as sand particles and its effect on the lung is more 
local. Absorption and phagi^'tosis occur, but the pro«ss of 
deposition and reaction remains largely around the respiratory 
bronchiole. In this area it produces a fibrous “cuff” without the 
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typical silicotic nodule. Tlie "asbestos bodies” found in the lungs 
of asbestosis cases are asbestos fiber cores surrounded by endogenous 
pigmentetl materials obtained from the tissues. These may appear 
in the sputum and their color ranges from golden-yellow to mahogany 
brown. 

Asbestosis does not favor the development of pulmonary' tuber- 
culosis as does silicosis. It is of itself a chronic disease which once 
acquired becomes permanent. 

Siderosis.— The dust of iron, copper and other minerals in pure 
form are harmless, chemically inert, foreign bodies when taken into 
the lungs. The coarser particles are removed by the ciliated epi- 
thelium and swallou’ed or expectorated. Smaller particles maj' be 
phagocytized and removed or deposited in the lymphatics without 
calling forth any inflammatory reactions. Their ores however 
contain mixed silicates. 

The occurrence of dust diseases in ore workers is probably entirely 
due to the silica. It is In reality a sidero-silicosis. 

Anthracosia.— Carbon particles are, like the minerals in siderosis, 
chemically inert and prepuce no pathologic reactions. The former 
stress laid on the danger of coal dust and miner’s phthisis has now 
given place to the importance of silica contained in the coal. 

Chalicosis.— Limestone, marble and gypsum are calcium rocks. 
The dust particles inhaled during the mining, quarrying, crushing, 
grinding, cutting, and polishing of these minerals are dissolved in 
the lungs and removed as soluble carbonates. The lime content 
itself is harmless. Silica is frequently present in these dusts and is 
held responsible for pulmonary conditions arising from e.xposure to 
them. 

Vegetable Dusts (Byssinosis).— Changes produced in the lungs by 
inhaled vegetable substances is called Bysslnosis. The vegetable 
matter is in the form of fibers which are generally too large to be 
able to reach the respiratory epithelium. 

Cotton, jute, tobacco and wood fibers are the chief offenders. 
Cotton and jute mills are notorious dust producers. The fibers of 
these materials, and other dusts contained in them, are throTvn 
into the air during the processes of cording and roving and to a lesser 
extent in spinning, winding and weaving. Almost all of tliese dusts 
are irritating to the upper respirator^' tract, and prorluce chronic 
naso-pharyngitis and bronchitis. 

No demonstrable pathology has been demonstrated in the lung 
tissue which can be claimed to be due to the ^’cgetable fibers alone. 
Because of their connective-tissue nature, the silica contained in 
them may be harmful provided the dust particles are small enough 
to penetrate the respiratory bronchioJes. Sugar-cane fiber contains 
less than 2 per cent silica. 

Tobacco and wood dusts do not prwluce local pulmonary disease 
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but may set up allergic responses in Uie respiratory tract. Saw- 
dust from redwood and teak are the commonest specific irritants 
of this nature. 

_ Environmental factors in dusty trades are frequently of greater 
significance to the health of the workers tlinn the dusts themselves. 
These are, tcinperatiiTe, humidity and air-movement. They arc 
dealt with more fully in the section on Atmospheric Conditions, 
page 349. In connection with the present discussion, these factors 
arc of great importance in determining the extent to which dusts arc 
suspended in the air and the iHstnnee \\ Iiicli the>‘ travel. In general a 
hot, moist, still air will hold particles longer and in greater concen- 
tration than under opposite conditions. On the other hand, moist 
conditions on the surface of materials whielr are lieing handled will 
reduce the amount of dust arising from them. Still, dry air will 
permit small dry particles to remain suspended for long periods and 
rapidly moving, dry air will waft them rapidly away. 

Combinations of these factors must he taken into consideration 
when studying the pnssihiVities of dust ha?.ards in specific industries. 

PROTECTION AGAINST AIR-BORNE PARTICULATE MATTER. 

From Cosmopolitan Sources.— Some of the pollenating, allergy- 
producing plants arc common ubiquitous weeds and should be 
removed for the goo<I of all sensitive subjects Jiving in the commun- 
ity. Such are the ragn-eeds, goldenrod, pig-weed, lamb’s quarter, 
plantain and some of the grasps. 

Other grasses are ornamental and lawn gras'^es, and control over 
them is more reasonably attacked on the immediate neighborhood 
or home basis. 

Many shade and nut-bearing trees and ornamental shrubs such 
as lagiistrum are non-essentials and In areas where they are proven 
to be prolific sources of irritation might reasonably be replaced by 
inoffensive varieties. 

The remainder of the sensitizing proteins are acquired during 
the daily routines and practices of individuals. Prevention in these 
instances rests on the knowletlge of individual susceptibility. 
WTiere it is known that a person is responsive to orris root or corn 
powtler, warning against their use sliould be sufficient, Tlie same 
is true in the case of wood workers in teak, redwood and boxwood. 
One who knows he is sensitive to cotton or kapok should not use 
pillows or mattresses made of these materials. 

House dust cannot be avoided but it can be minimized by fre- 
quent airing and cleaning of upholstery and carpets, and by the 
use of a damp cloth for dusting. The use of oil mops and cloths for 
floors and furniture is of value. Suction-cleaning apparatus should 
not be relied upon to prer-ent dust raising. 


) 
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Most of the sensitizing animal products come from pets, farm 
or laboratory animals, or wearing apparel. Unnecessary pets should 
not be tolerated in a household where any member is sensitive to 
them, even though a particular animal to which a member is sensi- 
tized may not he in the home. This is due to the fact that animal 
sensitization may be a group reaction and not confined to one 
species. 

Because hypersensitiveness does not necessarily result imme- 
diately after contact u’ith a foreign protein but frequently requires 
long periods of exposure or some other intervening predisposing 
factor, and because of its probable constitutional (if not hereditary) 
nature it would appear to be an intelligent precaution to prohibit 
pets in families where there is an antecedent hisforj' of allergy of 
any kind. The same precaution may be taken against many of the 
other common sources, such as the use of lagustrum shrubs for 
ornaments about the house. 

Although therapeutic desensitization is a curati've procedure 
its use against recurrent seasonal asthma and hay fever may be 
considered preventive. 

^Vhen the source of the allergen cannot be avoidetl and circum- 
stances permit, it may be necessary to take up residence in otlier 
parts. Seasonal allergic diseases may be evaded by going away 
from the neighborhood just before the time of poDenntion of the 
responsible plant. The sea voyage is of value in avoiding these 
same types of sensitizing agents. Filtered air and otherwise air- 
conditioned rooms are useful preventive adjuncts for sufferers from 
air-bome allergens whose living can be adjusted to these limiting 
conditions. 

The protection of the public against smoke and dust nuisances 
should be taken as a matter of fact by every modern community. 
\^^lile the dusts may not be sufficient to produce serious diseases 
of the lungs there may be enough irritating materials in them to 
produce uncomfortable conditions of the upper respiratory tract. 
Wet street-sweeping and cleaning should be the only method allow- 
able; dust-producing factories should be restricted by nuisance 
ordinances; all streets should be paved whene\er possible. 

Industrial Sources.— Dusts in industry arise under controllable 
conditions and it should be possible to intercept them somewhere 
between their sources and the tissues on which they act. This 
intervention must be practical, economic and effective; it will neces- 
sarily vary according to the conditions under which the obnoxious 
agent arises. 

Prevention in dusty trades may consist of : 

(a) Measures taken against the formation of dust at its origin. 

(1>) Measures to prevent dust dissemination. 

(c) Measures to prevent the inhalation of dust. 
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Under tlic fir>t nro Midi incnsurcs as the* substitution of uietal 
abrnshp for sandstone* in sandblasts, and carborundum for silicate 
stones in KrindiuR wheels; the use of water or oil in drilling, sawing, 
grinding, polishing, and bksting; perfection of drilling and cutting 
tools which are more effective and less dust producing. 

Di-vseinlnation of dust can Ijc prevented by means of mechanical 
hoods around tlie object worked upon and between it and the worker. 
The sandblast barrel or cabinet isan example. Pneumatic drills may 
be providctl with a IkkkI that aurromids the drill head, and an 
exhaust that operates through the drill. Humidification of air may 
be successful under llmittsl cirCTunstaiices. It is used most effectively 
in c-otton mills where this does not interfere w-ith the manufacturing 
processes. Klcctrical pTwipitation of dusts in exhntist pipes by 
ionization has proven sncecssful and has l)cc*n trietl with some sue* 
cess at mine heads following blasts. This method has wide applica- 
bility and awaits further perfection. 

The exhaust systcjn is the roost generally nppUwl measure 
against the dissemination of dust after It has once readied the air 
of cneloswl rooms. In this mctliod exhaust outlets are located at 
strategic points and the velocity of air througlt them is controlled. 
By this ineam the dustiest atmewpherw can be kept down to the 
acceptwl standard of 10 to 20 million particles per cubic foot. 

Small job processes can has’c many t^pcs of combination hoods 
and exhausts to meet their particular ncwls. In such instances 
ns glns.s etching it is sometimes practical to do this work under 
water. Larger processes can employ sprays or water curtains be- 
tween the operation nn<l the remainder of the workroom. 

Tlie dust mask is the only practical method of preventing the 
inhalation of dust. The earliest form and that still most commonly 
iisihI is a simple filter made of piles of muslin, chceseclotli, or cotton 
wool. To be effective thej’ must be well made, readily cleaned, adjust- 
able, and comfortable. Workmen prefer to do without masks and will 
only use them when forced to and then onl.v if they are comfortable. 
The modem efficiency mask depends upon the creation of a positive 
pressure within the mask. Tlie clean air is brouglit to it under 
pressure through a flexible hose. This type of mask is \-ery efiicieiit 
l)ut its use is limited to jobs in which the workman is only required 
to move about in a small radius, gcnerall.v not more than 10 feet. 

No dusty trade can be made dust free and it is not necessary that 
it be entirely .so. The non-silidoiis dusts can readily be reduced to 

20.000. 000 to 25,000,000 partides per cubic foot which leaves a 
sufficient margin to be dealt with effectively by the protective 
mechanisms of the body. Silldous dusts should be reduced to 

10.000. 000 or less, if the particles are minute. 

Whatever the preventive measures may be the worker roust 
understand the hazards of a dusty atmosphere. Regulations of 
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employment should consider hours of work and numbers of shifts 
per day, and in industries where hea\y silica dusts are constantly 
encountered, should take into consideration the daj's of work per 
j'car or even years spent in the trade. Hegular medical examination 
of workers should be accepted as a responsibility by the conscien- 
tious employer. Until silicosis k included in the Workmen’s Com- 
pensation Act, Industrial Phj'sicians and all others concerned are 
under obligation to point out tlie dangers of this disease to working 
men, employers, and legislators. Municipal and State Sanitary 
Codes in some areas require the use of protective appliances in 
dusty trades but they do not possess the gravity of Federal Acts and 
are too frequently ignored or evaded. 



CIIAl'TKIt XV. 

rOISOXS ACQUlItED BY INGESTION. 

Poiso.vs may bp taken into tbc alimentary tract knowinpk\’ or 
unsnspectitiKly. Tliey may be common Iwverapes or dru^js sucli as 
alcohol, candne, strychnine, and p.nrcgor5c, or food contaminants 
like wsenic, lead, /luorine and tbe toxic products of Clostridium 
botulinum. They arc all chemical agents and depend on tJicir 
chemical state and nature for their toxic effects. TJius the local 
cscharotic effect of carbolic acid on the tmicoiis membrane of the 
moutli and esophagus is no more nor less chemical than the action 
of depressant drugs on the c'entral nervous system. 

Within the category of ingest«l poisons arc included therefore 
all substaiKca taken in tJjrough the mouth which react clieraically 
with the body tis.suo3 and produce harm. TJiese will include ingested 
dru^, the so>cnlIe(l “common” poisons (accidental, homicidal and 
Huicidal), mwlicamcnts and theropcutlcagents, poisonous vegetable 
and animal fno<! substances, cliemicnl adulterants, contaminants 
and preservatives of foods and beverajms, and products formed in 
the deterioration of foods. 

Probably everyone can be sahl to ingest some one or more poisons 
every day. That they do not pro<lucc more noticeable effects may 
be due to the small amounts taken or the efBcieney of the defense 
mechanisms of the body against them. Little is known of the pos- 
sible effects of long-continued exposure to minute quantities of 
potential poisons and the bearing this may have on the development 
of some of the unexplained so-called degenerative processes of later 
life. With one or two exceptions sucli as the role of lead in the etiol- 
ogy of arteriosclerosis, the possibility of such connection is at present 
in the realm of pure speculation. 

The moisture and secretions of tlie alimentary tract ace the first 
elements in the defense mechanism of the body against ingested 
pfai.yius.. Tb/iii: first effcfit Is aimple dilution-. 

The effectiveness of the diluent will depend on its relative pro- 
portion to tlie strength and actively of the chemical concerned and 
on tlie solubility of the chemical poison in it. On the other hand 
solution of tlie poison may be distinctly harmful, as when the acidity 
or alkalinity of the secretion favors the solution of the poison in an 
active form and is not sufficient to dilute it to harmless proportions. 

Acid or alkaline juices may neutralize some poisons or combine 
"dth them to make them inert. 

Tlie presence of the foreign chemical may call forth an increase 
( 192 ) 
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in the secretions •n-hich dilutes it still further and aids in its elimina- 
tion. The latter is obtained bj' mcreased peristalsis of the intestine 
and evacuation by bowel. ^Vhen the irritant first affects the esopha- 
gus or stomach the vomiting reflex may cause it to be ejected imme- 
diately. 

Poisons may be rendered harmless before absorption by combin- 
ing with proteins in the gastro-intestinal tract or by precipitation 
by the sulphides. 

The epithelial lining of the stomach and intestines is a highly 
efficient filter for all colloidal poisons and many permeable crystal- 
loids .ire changed or hai’e their to.xic properties retluced in passing 
through the mucous membrane. Lillie* points out the possible 
defensive role of the intensively chemically active zone of the close- 
packed nuclei of the epithelial cells through which poisons must pass 
during absorption. Histamin is pointed to as a classic example of a 
powerful toxic agent e.xisting free in the intestinal lumen but pre- 
vented from absorption in toxic amounts by the normal epithelium. 

After absorption the defenses so far as known are simple chemical 
processes of oxidation, reduction, hydration, dehydration, and 
addition. Wells’ summarizes the resistance to chemical poisons by 
stating that “the neutralizing substances do not appear to be the 
result of any special adaptation to meet a pathologic condition. 
They are present in the body as a result of normal metabolism; they 
have an affinity for various chemical substances, some of >\hich 
happen to be poisons; if these poisons happen to enter the body they 
may be combined and neutralized to some extent, but, as a rule, 
very incompletely.’’ 

Intoxication results when the normal <lefenses are inadequate 
because the strength or amount of the poison is overwhelming, or 
because the protecting substances haxe been diminished through 
phj'siologic or pathologic changes, or there is pre-existing pathology 
that is fa\ orable to absorption. 

Since the prevention of these poisonings depends upon the insti- 
tution of measures to prohibit their being taken in harmful quanti- 
ties it is necessary to consider the manner and circumstances in 
which they are acquired. For this purpose they have been 'classified 
under the joint consideration of nhere they exist in the environment 
and the conditions under which they are consumed. 

1. Taken as food or beverages. 

2. Taken with food or beverages. 

(a) Food adulterants and preservath’es. 

(h) Food contaminants- 

(c) Decomposed food products, 

‘ LiUie, R. S.: Am Jour. Physiol . 7. 412. 1902 

» Wells, Gideon: Chemical Pathology, 5th ed., Philadelphia, W. B Saunders 
Company, 1925. 
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3. Taken or piven ns medicines. 

4. Taken as drugs (addiction). 

5. Taken by mistake or carelessness. 

G. Taken or given as suicidal or homicidal poisons. 

7. Acquired from industrial sources. 

POISONS TAKEN AS FOOD OR BEVERAGES. 

Poisonous Mushrooms.— Tl»erc are three important poisonoas 
musbrooms— ylwmwiln nurseorm, Jhleella cticidenlut, and Anianila 
phaltoidcs (the Death Angel). Tlicir active toxic principles are 
respectively, muscarin, hel\*ollic acid, and amanita-toxin. The 
first two are members of the “saponin sulwtances" group of plueo- 
sidcs. Amanita-to.xin is neither a ghicoside nor a protein. Mus- 
carin and holvellic acid are destrojeti by heat but amanita-toxin 
is thermostable, (ilainnfta pAnffou/w also contains a relatively less 
important toxic glucoside, phallin, which is devtrojed by heat and 
digestive juicca.) 

Muscarin is a nerve poison and acts by stimulation of tlte periph- 
eral motor and secretory receptors (atropine depresses the same 
receptors). In poisoning from Ammita vivsoaria therefore there is 
excessive stimulation of secretions, and Increased smooth muscle 
activity. The.se arc reveale<l by salivation, diaphoresis, watery 
diarrhea, vomiting, retching, abdominal cramps and violent peri- 
stalsis. 

Amanita-toxin from A. jthalloules is a protoplasmic poison whicli 
pro<iuces widespread fatty degeneration of parench.nnatous organs. 
Phallin, from the same species is a hemohilc ph.vtotoxin. Poisoning 
from A. phalloides is slow and delajed, due to the results of the cellu- 
lar degeneration. Phallin does not onlinarily produce symptoms 
because it is dostroyetl by the digestive juices. Death occurs from 
suppression of the urine and damage to the liver. 

Solania.— Solanin poisoning results from the ingestion of a power- 
ful hemolytic and protoplasmic poisonous saponin called solanin 
which is found in all parts of young spn)uting potatoes. This is a 
rare occurrence because sprouting potatoes are selilom eaten as such 
and the ordinary new and old potatoes do not contain the poison. 

The hemob tic effect of solanin taken by mouth is slight if mani- 
fested at all. The principal effect is on the nen’ous system and 
parenchj'matous organs. Large doses paralyze the heart and 
central nervous system centers. It produces gastro-intestinal irrita- 
tion with vomiting and collapse and its degenerative effect on the 
liver causes jaundice, chills, fever and prostration. 

Ergot.— C/anccjM purpurea is a poisonous fungus which grows on 
rye and occasionally other grains. It contains two active alkaloids, 
ergotoxin and ergotamin and two pressor substances, tjTamin and 
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liistamin. These all have an epinephrin-likc effect and in addition 
the first two have an action on tlie medullary centers. 

The typical smooth-muscle action of these substances results 
from their stimulation of the motor myoneural junctions. Pro- 
longed intoxication results in chronic arteriolar contraction with 
ischemic gangrene of the parts supplied. Most commonly, gangrene 
is seen in the extremities but it may occur in internal organs as well. 

Poisoning from ergot results from the ingestion of cereals and 
breadstuffs made from infected grain, generally rj’e. The amount 
consumed in a single case and the detoxifying efficiency of the intes- 
tinal mucosa practically preclude the possibilities of acute poisoning. 
Cases have occurred however and are generally ascribed to absorp- 
tion through previous lesions beyond the portal drainage area. 

Ergotism is rare in the Western Hemisphere and is seen less fre- 
quently in the European Continent than {oTmer]y when it used to 
assume epidemic proportions. It is probable that many of the 
reported effects of ergotism in these widespread attacks were com- 
plicated by other conditions such as meningitis or avitaminoses. 

Lathyrism.—J/ifAynw sathus and L. ciccra, (chick-pea or vetch) 
contain a powerful neurotoxic agent which has not been certainly 
identified. There is evidence that it may belong to the group of 
pliytotoxins along with ricJn and abrin, but Stockman* considers 
it with the alkaloids. 

If it is a phytotoxin it is probably a part of the protein molecule 
and exists as a toxalbumose. The phytotoxins act like bacterial 
toxins in possessing haptophore and toxophore groups and having 
the power to produce immune substances against them. If it is an 
alkaloid these properties will be lacking. 

Vetch is consumed in India as a cereal substitute for wheat in 
making meals and bread. It Is used occasionally in Europe and 
parts of Africa. 

The neurotoxin appears to be selective for the upper motor 
neuron of the cord as its action results in spastic paral^-sis of the 
lower extremities, lumbar pains and girdle sensations. Complete 
spastic paraplegia may result; occasionally the upper e.xtreinities 
may be similarly affected. 

Bitter Almond. — The bitter almond. Amygdala umara, is the ripe 
seed of Pnmus amygdahia var. amara, indigenous to Asia and cul- 
tivated in Spain and the Balearic Islands. It contains a glucoside, 
amygdalin and an emulsin, which together in the presence of water 
produce hydrocyanic acid through a process of decomposition. 

The ingestion of as few as three bitter almonds by a child lias 
resulted in fatal poisoning. Almond paste made from ground bitter 
almonds may also be a source of this poison. The effects are those 
of hydrocyanic acid and are discussed elsewhere under this poison. 

> stockman, R.: Edio. Med. Jour., 18, 277, 1917. 
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Oil of bitter almonds contains from 2 to 4 per cent of prussic acid. 
Seventeen drops lla^■e proved fatal to a man. 

_ Fish Poisons.— Asi<le from the poisonous substances on the defen- 
sive spines of some fish and the decomposition products that develop 
in killed fish there arc certain toxic b^ies present in a fen- varieties 
of fish e\cn wlicn perfectly fresh. 

The important poisonous fish are: 

rf/rot/on— (F uku) The parrot fish of Japan. 

IiaTbu.1 JlutiatUia—tho Iiarbc). 

Esox liicuia—Thc pike. 

Acipenser gturio— The sturgeon. 

Lepvhsleus jfp.— American gar. 

In each of these the poison h confined to the eggs (roc) and ovaries. 
Tctradon-toxln appears to be non-protein (a gluco-cster according 
to Ishhvnra') while the toxins of the others are associated with the 
protein molecule. None piKsscss antigenic properties. 

Tetradon-toxin or fugu-to.xm (Ishiivara) is anesthetic to motor 
nerve endings, and paralytic to motor and sensory nerves, but 
docs not affect the sympathetics. Local gastro-intestinal symptoms 
range from those of a “ptomaine poisoning”— like attack to the 
rapidly fatal algid reactions as seen in cholera. 

The toxins of the other roes act as respiratory paralyzants. 

Tahara determined the minimum lethal dose of fugu-to.xin as 
0.(K)25 to 0.(K14 gram per kilo. 

Poisoning from all of these fish results only when the roe or 
ovaries arc included in the ingested portions. Thus, only one or 
more of a party may be poisonot! from a single fish unless all partake 
of the roe. 

Vomiting and diarrhea may eliminate enough of the to.xin to 
prevent serious poisoning. 

Mussel Poison.~The edible mussel, Mylilm edulis (England, 
Europe), Mylilua caliSorniamts (Pacific Coast of the United States) 
contains a poisonous amin which appears to be related to the spawn- 
ing season because cases of poisoning suspectwl of being due to it 
occur only between the months of May and Octoljcr. This form of 
poisoning according to Jlcyer* is not due to mj tiloto.xin, which is a 
ptomain, originally <lescribed liy Brieger in his classical investiga- 
tion of the Wilhelmsliauser oases in 1885. ’Phe term mj-tilotoxismus 
should be applied only to poisoning by mytilotoxin and not to 
mussel poisoning due to tlie specific seasonal amin. Probably many 
cases of mussel poisoning arc due to mytilotoxin and must be 
looked upon as ptomain poisoning from the ingestion of decomposed 
mussels. 

The mussel amin resembles fugu-toxin cliemically and pharma- 

» Ishiwnra. F : Arch Eip. Path. Fharm . 103, 209. 1921. 

* Meyer, K F el : Jour. Prevent. Med., 2, 365, 1928. 
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cologically. It is thermostabile and tlierefore not destroyed by 
cooking. Sodium bicarbonate in tlie proportion of \ ounce per 
quart of boiling water will tlestroy the poison in twenty to thirty 
minutes.^ 

Food Allergens (Anaphylactogens). — The chemical agents in food 
which are responsible for the phenomena of food allergy are the 
proteins. These, in the belief of Wells are only tlie whole proteins. 
There is some evidence that polipeptuls may be responsible at times 
so that this point cannot definitely be closed. 

The mechanisms of allergj* are discussed further in the sections 
on Poisons Acquired by Inhalation (page 181) and Invading Organ- 
isms (page 485). It is only necessary to state here that proteins 
introduced by way of the gastro-intestinal tract initiate and take 
part in processes of allergic reactions in the same waj' as those 
which enter througli respiratory epithelium. 

Although much is known on the experimental and theoretical 
sides of allerg}’ tliere remain wklc gaps in the interpretation of 
clinical experiences with suspected food allergies. The known 
mechanisms of sensitization form but ^art of the natural history 
of allergic diseases. Between the proteins as they exist in natural 
foods and their earliest participation in allergic phenomena lies 
a zone of almost complete ignorance as to how they are enabled to 
become agents of disease. Under healthful conditions food proteins 
• exist only as potential allergens and are no more harmful than the 
other food elements. Under some unknown circumsfances they 
assume harmful qualities. Hypotheses point to some co-existing 
defect in the absorbing mechanisms which permit large protein 
molecules to enter the body tis.sues or to some constitutional factor 
or inheritance, which prepares the way for absorbed proteins to ini- 
tiate reactive processes against them. It is difficult to prove abso- 
lute relationship betw een allergic phenomena and any given proteins 
in the diet even in the face of positive sensitization tests to the pro- 
teins, and there are many instances of allergy with negative tests 
on all available forms of protein. TJie latter predicament may be 
due to inadequate in^■estigation or ignorance of all possible proteins. 

From this it is obvious that food proteins are the sine qua non of 
food allergy and not the sole cause, and the search must continue 
for the agent responsible for the drcumstances under which ingeste<l 
proteins become actual anaphylactogens. 

The common food proteins responsible for allergic conditions 
are found in milk, eggs, nuts, meats, w-heat, fish, radishes, coffee, 
barley, and some fruits. 

There is no uniformity in the dinical types of allergy which maj- 
result from sensitization to the proteins of these foods. Some pa- 
tients show asthma, others eczema and still others acute edema of 
> Muller, II.: Weekly Bull. Calif. State Dept. Health, 11, I3S, 1932 
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various tissues. Even in the same patient the phenomena may difTer 
from time to time from eatiiij; the same food on encli occasion. This 
has been called the “sulistitution phenomenon." 

Edema is the common factor in most of the allerRic phenomena. 
It is due in part to vasomotor disturbance, change in capillary 
permeability and alterations in osmotic pressure. An attempt has 
licen made (Wells) to place nnaphylototin in the position of the 
common cansative agent of all anaphylactic reactions but this is 
not entirely aceeptccl. 

Depending on factors such ns area and tissuc.s involved, tempera- 
ture and exposure of i>arts, acuteness or chronicity of the condition, 
age, sex, and inheritanee (possibly) the lesions will assume one or 
more of mun.\' varieties, liie commonest clinical evidences of sensi- 
tiration to ingested proteins are urticaria, angioneurotic edema 
(shin or visceral), eczema, cr.vthema inultiforme, vasomotor rhini- 
tis, conjunctivitis, asthma and jKwsibly migraine. 

Alcohol.— Ethyl alcohol (ClljCIItOlI) is a chemical poison. This 
statement is not mmimized by the fact that it is a readily available 
source of energy, a protein saver, and a substitute for the energy 
producers— carbohydrates and fats. It is completely oxidized in 
the body and eliminatwl; none of it can be stored in the tissues to 
be <ipawn upon later. Wiatover claims can be Iield for ethyl alcohol 
ns n foo«l arc limited to the above e.xpcrimental)y demonstrated 
facts wliich remove it from the category of tissue-building foods 
and leave it as an cnorgj- prcaluccr and tissue-conserver. Ethyl 
alc-ohol is primarily a central nervous sj-stem narcotic. It is a cere- 
bral anesthetic which early involves the higher powers of judgment 
and discrimination and thus niters behavior. Agreement is almost 
general that alcohol is a cerebral depressant and does not stimulate 
the brain; what is ordinarily spoken of as stimulation is more likely 
a revluced activity the intellectual and emotional controlling 
mechanisms, and the release of unbridled reactions to simple 
situations. 

AIcolioI is absorijed directly through the mucous membrane of 
the stomach and intestine without the necessity of undergoing 
digestion. It is absorbed more quickb' on an empty stomacli and 
its absorption is delayed longer when fats are present. Milk is tlie 
food which retards it longest. 

Within the stomacli, alcohol is detrimental to the action of fer- 
ments but accelerates secretion. It also lessens stomach contrac- 
tion if taken in more than moilerate amounts. E.xcesM\ e quantities 
are gastric irritants and bring about catarrhal changes when used 
over long periods. Mucus is bccrctctl in large amounts following 
excesses of alcohol. 

The influence of alcoholic beverages on appetite ami digestion 
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is a complex of psychologic and physiologic reactions to the situation 
and circumstances under whidi it is consumed; the like or dislike 
of the consumer for the tj’pe of beverage; the stage of digestive 
actinty at the time; the strength of the drink; the aromatic and 
other qualities, favorable or unfavorable, which it may possess; 
the rapidity with which it is drunk and individual tolerance to it. 
The latter appears to be an increased ability to oxidize alcohol in 
'the tissues. Furthermore, the habitual drinker shows less reaction 
in the brain than the occasional drinker or neophyte. 

During even mild intoxication alcohol slows down reflex activity 
and re<luce3 the efficiency of finely coordinated movements. These 
effects coupled with retluced judgment and discrimination manifest 
themselves in the inability to perform acts of skill and in an increased 
tendency to accident. 

The effect of alcohol on respiration and circulation is inconsequen- 
tial except in extreme narcosis. Death from pure alcoholism is 
due to respiratory failure. 

Pure ethyl alcohol oonsume<l in moderate amounts and temper- 
ateb’ ^^3 not been proven to produce any permanent harm. The 
former conception that alcohol was the only cause of cirrhosis of 
the liver can no longer be sustained. Considerable doubt is thro^ni 
on the idea that alcohol alone can produce arteriosclerotic or other 
degenerative changes in the body. It can however bring about over- 
weight and obesity when taken over long periods along with an ade- 
quate fat-producing diet. Fatty infiltration, degeneration of blood- 
vessels, heart and U\’er may accompany the general adiposis. 

Excessive, prolonged use of alcoholic drinks leads to a chronic 
progressive state characterized largely by nervous and gastro- 
intestinal changes. Alcoholic neuritis with tremors is a common 
sequel to overindulgence, but there is evidence that this may be 
due to a defective vitamin intake. In the central nervous system, 
meningeal irritation results in increased secretion into the ventricles 
and meningeal thickening. Accompanying this there may be mental 
deterioration and a delusional insanity. Korsakow’s syndrome is 
the combination of pathologic lying, peripheral polyneuritis and 
diarrhea. The gastro-intestinal changes may involve the whole 
length of the alimentary tract from catarrhal stomatitis and pharyn- 
gitis to colitis. 

The source of alcoholic beverages is from the fermentation of 
sugars by the action of a zymase and «)-ferment present in a yeast 
organism, Saccharomyces cerevisia. Tlie j’east is made to act di- 
rectly on the sugars or, in the case of malt liquors, the malt starch 
is first reduced to sugars and the yeast added. 

Fermentation alone cannot create an alcohol concentration higher 
than 14 per cent as at this point the alcohol inhibits the yeast and 
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prevents fiirtlior fcTineiitation. Aleoliolic drinks containing more 
than M i)or cent nlcolio! are obtained by fiirtlier distillation and 
concentration or by fortifying ihcm with alcohol from other sources. 

The following are tlxe ranges of nlcoliol content of the common 
classes of alcoliolic drinks: 

liecr 1 to 5 per cent 

Ales and porters ... 4 to 9 per cent 

Prencii and German light wines fi to 10 per c-ent 
(’larets, shetrj' and ports . 15 to 20 per cent 
Whiskies and brandies . . 47 to 54 per cent 

Hum and gin K) per cent 

Liqueurs and cordials . . . 30 to 57 per cent (absinthe) 

In tile fermentation of sugar, propyl, amyl, and butyl alcohols, 
aldehydes and esters arc also forinwl, which considcrerl together 
are called fusel oil. In prejKxred liquors they constitute about 0.2 
per cent. Although these alcohols are decidctlly more toxic than 
ethyl nlwjhol their quantity In properly aged drinks is below any 
harmful amounts. 

In addition to the legitimate nleohollc beverages there Jmve been 
in the past and still are, a number of proprietary preparations with 
alleged medicinal value ami containing relatix’ely high percentages 
of alcohol. Addictions to their use are many because they afford 
an easy way to obtain considerable amounts of alcohol under the 
guise of “faking a tonic.” 

CoSee and Tea.— As pointeil out by Cushny it is odd that so many 
peoples throughout the world resort to beverages made by infusion 
from caffeine-lvearing vegetable smbstaneea when the caffeine 
content does not reveal itself by any conspicuous characteristics 
in the plant or by any definite drug effects which the users would 
he likelj- to ascribe to it. Through whatever means they came into 
use, whether accidentally in the search for medicinal herbs or magic 
potions, or by deliberately seeking for pleasant drinks, the^’ were 
found to be harmless and remained as pure beverages. 

The common cafTeine-lwaring pkints in use today are Caffea 
arahica, the beans of which are tlie source of common coffee; Then 
ckinensis, the familiar tea-leaf; PavlUnia sorbUii seeds, from which 
tlie Brazilians make Guarana paste; Ilex imrarfuayensis leaves ' 
which are infused by the Paraguayans to make Yerha Mate or 
Paraguay tea; the loaves of HiC Virginia and Carolina lle.x; and the 
Kola Nut from SterciiUa aeuminata used by the natives of Central 
Africa. 

Caffeine in some way increases the receptivity of nerve tissue to 
stimuli. This is evidence*! by increased accuracy of the sense of 



POISONS TAKEN AS POOD OR BEVERAGES 201 

touch, and in the higher functions by a more rapid flow' of thought 
and association of ideas. Subjectively tliese reveal themselves 
as irritability to mild stimuli, keen awareness of surroundings e\'en 
to the point of hypersensitivity, wakefulness, increased mental 
and physical output and a sense of greater endurance against 
fatigue. 

The mechanisms through which this wide range of results is 
brought about remain unknown. Tliat the caffeine molecule in 
some way enhances nerve reception and nerve-cell conductivity 
is probable but improven. Empirically, the user of caffeine gets a 
nervous “kick” or boost from it although he may not consciously 
connect his behavior with the beverage. In individuals who appear 
to be more susceptible to it tlie results are interpreted as nervousness, 
insomnia and conscious irritability. This may be translated into 
physical phenomena such as a generalized trembling of the body, 
tremor of the hands, and consciousness of somatic sensations such 
as palpitation of the heart, respiratorj deepening and gastro- 
intestinal hypermotility. 

One undoubted pJiarmacoIogic effect of caffeine is diuresis. The 
present explanation of the increase in both fluid and solid contents 
of the urine lies between the theories of Cushny and Richards. 
The former presents the opinion that caffeine increases the permea- 
bility of the glomerular epithelium w-hile the latter presents evidence 
that its action is due to an increase in the area of functioning epi- 
thelium of the total renal capillary bed. 

The consumer of an a\erage cup of coffee or tea takes between 
1.5 and 3 grains of caffeine. Caffeine and its therapeutic prepara- 
tions are administered medicinally in the dose of 2.5 to 5 grains. 
Even the moderate coffee drinker who takes from 3 to 7 cups per 
day is therefore consuming 2 to 0 times as much caffeine as a single 
metlicinal dose. Because caffeine directly or indirectly results in a 
greater output of work (although this may not lead to fatigue as 
rapidly as under ordinary conditions), it causes a greater expendi- 
ture of energy. Custom seems to have recognized this and com- 
pensated for the loss by taking sweets (carbohydrates) along w’ith it. 
The English custom of afternoon tea may be a direct means of 
stimulating acti^’itJ’ toward the end of a working day, and the sweet 
biscuits and jams are conceivable adjuncts unconsciously taken 
to anticipate the need for rapidly available energy. 

The coffee and tea drinker is taking more than a stained solution 
of caffeine in water. It contains tannic acid in varying quantities, 
the amount determining the “darkness” or “greenness,” especially 
of tea. Tea contains 7 per cent tannic acid in the leaves. Of the 
many volatile substances which give the aroma and bouquet to 
these bei’eragos furfur alcohtd is probably the only one with any 
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important physiologic effect. This aleoliol acta on the gastro- 
intestinal canal as a carminative and Cushny suggests that some 
of the pleasant effects of coffee and tea drinking are due to it. 

Caffeine is 1-3-7 trimethyl— 2-C dioxj’purine or trimethylzan- 
thiue; one of tlie purin derivatives. It is absorbed directly through 
the gttstro-intestinal mucous membrane and carrietl to the liver. 
Habituation to its use may tlepciwl on refractoriness of tlie tissues, 
from the inte.stinal mucous memhratie cells to the cells of the nervous 
tissue.s, or to an incrcascil ability of tbe Yiver cells to demethylate 
it and form monethylzanthin, zanthm and eventually urea. A 
.single dose of caffeine is entirely reiluecil and eliminated in tiventy- 
four hours. 



CHAPTER XVI, 

POISONS ACQUIRED BY INGESTION (Continued). 

PREVENTION OF POISONING BY FOODS AND BEVERAGES. 

Non-edible Foods.— Without forekno\vIe<fge it cannot be known 
that the solid foods possessing poisonous qualities are dangerous to 
health. They do not re\ea} their toxicity by any warning through 
obnoxious taste or smell and may on the contrary appear succulent 
and desirable. This latter is especially true of some of the fish roes 
and mushrooms. 

Fortunately, e3q>erieiice and food customs present the greatest 
barrier against the widespread use of most poisonous foods and 
they are obtainetl only occasionally under special circumstances. 
The use of chick-pea or vetch for example us a substitute for vheat 
flour in times of food shortage opens the w ay for lathyrism to appear 
in a community in epidemic proportions. Any medical authority 
in a country where this substitute is resorted to should understand 
its dangerous nature and issue warnings against it; the occurrence 
of a single case of ergotism is a danger signal to a populace using 
rye products and its appearance requires immediate investigation 
to reveal the source of the infected grain. 

Solanin poisoning has occurred among people who consumed 
premature potatoes prepare<l as salads for picnics. The potatoes 
must be young and sprouting for the solanin to be present in amounts 
sufficient to produce poisoning. Tlie simple precaution of using 
only matured (new or old) potatoes will prevent, this condition. 
Most instances of sickness after eating potato salads are not due 
to the solanin content but to infection of the salad medium with 
pathogenic organisms. 

Jfushroom poisoning continues to be a serious health menace 
in spite of efforts designed to inform amateur collectors of the differ- 
ences between edible and non-edible species. There are over 40,000 
species of mushrooms! The roost that the amateur can hope to do 
is to learn the identification of the more common edible forms and 
leave all others alone. Tlie generic ami specific characteristics are 
not difficult to recognize once one has investigated the morphology 
of mushrooms generally and learned the names of the parts men- 
tioned in reference n orks on the subject. 

None of the household tests for poisonous mushrooms are of any 
value whatsoe^’er and tliey must not be relied upon no matter how 
authoritative the source of information may appear to be. 
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The alkaloid of Amanita miucaria can be rendered harmless by 
^oakins the jnnshroom jji water to whidi a little vijiegar has been 
added before cooking, 

Sii\ee the poisonoiH fish products are eoufititsl to the roes of a 
few species it should be sulBdent to instruct those living in areas 
where these fish appear on tl>e market never to cat the eggs or 
ovaries. 

Tlic health authorities in California prohibit tlie sale of edible 
mussels between June and Septemlier since this period embraces 
the time when they acquire their poisonous qimlitie.s. Individual 
collectors may still be in danger of iwisoinng. It may be avoided 
by cooking the shell-fish for thirty minutes in water to which sodium 
bicarbonate bns been added in the proportion of one-quarter ounce 
of stxla to 1 quart of water. 

Alcohol.— iTom wliat is known at present of the pliysiologic and 
possible harmful effects of ethyl alcohol on man, the problem of 
prevention resolves itself into «>ntrol of its abuse. 

There is no scientific support for the necessity for total abstinence 
in the healthy hut there is ahuiwlant evidence in favor of the tem- 
perate over the excessive use of alcoholic leverages by the individual 
and society. 

Alcoholic intoxication Is a workl-wide problem and a generally 
recognized one in es'ory community. Social custom influences in 
part the amounts and degrees of intoxication so that In one commun- 
ity there may be almost complete voluntary prohibition and in 
another the most ojien ncceptaiico of akoholic excesses. 

Medical science can point to no immediate or remote harm from 
the single acute mild intoxication from high grade alcoholic bever- 
ages; it is far less certain of the harmlessness of repeatefl intoxica- 
tions over a long perioil of time; it is positive of the harmfvil effects 
of prolonged heavy <Irinking. 

The metlical adviser is in a quandary when he attempts to assay 
the potential iiami that may come to a given individual who comes 
to him asking for information about Ids specific drinking problem, 
lie knows that scientificall,\ he can go no further than recommend 
temperance and tliat if be begins to take the many social aspects 
of the problem into consideration he is leaving his laboratory. 
Mental hygiene appears to be the best way out of Ids dilemma. 

physician can deny the importance of the mental aspects of 
his patients. He is daily requir^ to aid in mental readjustments 
of ail kinds an«i every drinker— as well as non-<lrinker— has his own 
mental attitude toward alcohol. Alcohol is primarily a mental 
intoxication and as such should be looked upon by the doctor as 
being as much a poison to the central nervous system as str^\ clinine. 
The temporary natiu-e of its effects is the great alibi of the drinker 
anil tlie doctor who condones its abuse. Wliat ei'er^- physician 
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should .nctual]\' interest himself in in tlie drinker coming for advice is 
“Why does he drink?” “Why does he use as little or as much as he 
does?” “^^^ly is he asking my advice?” In his answer to these 
lies the only sound basis for judgment on the case before him. 

Moral, religious and social attitudes toward drink resolve them- 
selves into standards of right and wrong. The physician has nothing 
to do with these except insofar as they may lead to physical or 
mental ill-health. 

The aim of prevention must be to lay obstacles in the path of 
individuals who exhibit evidence that they may be potential chronic 
alcoholics. If prevention is delayed until the appearance of chronic 
gastritis, alcoholic neuritis or any other organic effects of alcoholism 
the story has been entered long after the onset of chronic alcoholism. 
Interference at this stage is cure, not prevention. It is this inability 
to prophesy that makes the problem of prevention so difficult. The 
best expediency at present may be for the physician to adopt the 
principle of probability whenever he is approached on the subject 
and recommend reduction of intake and treat the patient on psycho- 
logic grounds 

The influence of alcohol on the progress of associated organic 
diseases such as diabetes, gastric ulcer, or arteriosclerosis is more 
clearl.\' defined. The strictly medical aspects of these conditions 
warrant unreser\ed control of alcoholism in their presence. 

In summary, the conscientious and intellectually honest physician 
cannot do other than teach alcoholic temperance. He knows the 
dangers inherent in lack of control and is convinced that abuse is 
not without possible ^serious consequences. To e.Tcuse liimself on 
the basis that he is exempt from giving moral judgments is evasion 
of his medical duty. 

Caffeine.— It is common to find coffee drinkers who blame every 
uncomfortable feeling they may have on coffee; more frequently 
there are found those who connect only sleeplessness or difficulty 
of going to sleep with this beverage; there are some who claim that 
coffee does not affect them in any way. 

That there is a psychic clement in the allegetl effects of coffee can 
hardly be denied. Although it may be admitted that caffeine 
augments cerebration it is highly probable that anticipation of its 
effects may lead to marked exaggeration of its action. The person 
who holds tenaciously to the idea that coffee keeps him awake will 
undoubtedly be kept awake by small and otherwise ineffectual 
amounts. The habitue on tlie other hand may fall asleep readilj' 
after drinking a late black cup. 

Aside- from tremulousness, this inability to go to sleep is the only 
effect of coffee which is commonly attributed to it. Although intol- 
erance to caffeine may be present it is more often apparent than real 
and the sleeplessness is compounded of wany elements other than 
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csilTeine. Grantinj* that tl»5> be but partly true, prevention of its 
so-cnilcd poisoning is a matter of training if the iiabit is to be con- 
tinued. Otherwise abstinenee frt>m the evening cup is the concession 
that must he made by the apprehensive drinker. 

Idiosyncrasy to the tlrug may exist in some bvjt it is hard to prove. 
When it is highly suspecUxl and regulation has failed to reduce its 
ciTccts, abstinence alone will bring almut relief. 

There is a strong tendency among certain classes to allow children 
to drink coiTee. This is inexcusable because children develop 
habits of eating very readily and in this instance develop a prefer- 
ence for coffee over more nourishing foods. In tlicm tliere is also 
a greater opportunity for enirctnc to exert its true effects at night 
by stimulating them cxccssix-ely jtwt before going to bed. 

Undesirable remote effects of coffee arc tremors, cardiac palpita- 
tion and gastric irritation, the latter from ingredients other than 
caffeine. Wien any of these are present re<hietion jn the daily 
amount of coffee is indicnteil. Too little is known of the remote 
effects of the continued use of caffeine after its definite toxicity 
has been re\caled, to permit a casual attitude toward it, Caffeine 
is a R'al tissue poison and should be respected as such. 
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POISONS ACQUIRED BY INGESTION (Continued). 

POISONS TAKEN WITH FOOD OR BEVERAGES. 

(a) Food Adulterants and Preservatives.— Prior to the passage 
of the United States Pitre Food and Drugs Act in 1906 there was 
much discussion on the harnifulness of various chemical substances 
which were added to foods for one purpose or another. This prac- 
tice had been branded as adulteration in 1895. Although the number 
of chemicals employed was small they were all recognized and classed 
as poisons. The proponents of the Pure Food and Drugs Act were 
strongly convinced that these allege<l poisons were detrimental 
to health and their use was condemneil. To support their conten- 
tion they employed what has now become the historical “Argument 
of Small Quantities.” By means of a double graph showing an 
inverse proportion between the harmful effects of n poison starting 
at zero dosage and rising as it approaches its lethal dose at 100 
and the curve of a diminishing food intake which starts at 100, its 
normal (the amount of that food which maintains a healthy adult 
body in equilibrium) and rises as it approaches its “Lethal Dose,” 
zero, Wiley* attempted to show the fallacy in the argument that 
small quantities of a substance are not injurious. Wiley concludes 
with the statement, “It is easy to show by mathematical data that 
no matter how small the quantity of an injurious substance or 
preservative it will still produce an injurious effect which may be 
infinitely small if the dose be infinitely small. It follows then, as 
a mathematical demonstration that any quantity of an injurious 
substance added to a food product must of necessity be injurious 
provided it is in the nature of a drug an<l the body is in a perfectly 
healthy normal condition. Hence the argument which has been so 
persistently urged in favor of a chemical preservatii'e, that if in 
small quantities it is harmless, is shown to be wholly untenable.” 

Those who argued in favor of the harmfulness of small quantities 
evidently believed in “once a poison always a poison” and took no 
account of the possibility that small doses might exhibit no poison- 
ous qualities whatsoever. 

Chemical adulterants “may” be poisonous when taken in certain 
amounts and possibly over certain periods of time. As a result 

• Wiley, II. W.: Foods and Their Adulterations, Philadelphia. P. Blakiston' 
Son A Co.. 1007. 


( 207 ) 



208 POlSOiVS ACQUIRED BY JNGESTiON 

opinion lia'j changed considerably over the possible harm of some 
of the present-day adtiUcrant^ as now used. 

I”}stimatcs of the amount of food adulteration in tlie Unite<l States 
and Englancl before 19()G range from 50 to 80 per cent of the com- 
mercial food products. This hottever uas not all due to the use of 
chemical adulterants and preservatives which arc the only forms of 
adulteration (as legally dcBned) now under consideration. 

The common chemicals added to foods for preservation of their 
taste, color and edible qualities, or as deliberate fraudulent additions 
were, and still are wKlium Imrate and boric acid, sodium nitrate and 
sulphite, acetic acid, salicjdlc acid, formaldeliyde, copper sulphate, 
saccharin, nnilin and coal-tar dyes, iron oxide, iron sulphite, arsenic, 
lead, liydro/luoric acid, sodium fluoride, ami vegetalile dyes. 

Some of these are pcrmittctl and condoned by medical authorities 
on the basis of the small amounts used but the Department of 
Agriculture which administers the I’oml and Drugs Act in iVmerica 
is less lenient in tlic interpretation of its law, basing its decisions 
more on economic than meilical grounds. 

Arsenic, salicylic acid and lead arc generally condemned on all 
aides. There is little evidence against the remainder in the oinouiits 
used on the argument of proven toxic effects. However, suspicion 
is strong enough against some to condemn them. Anilin* has 
recently l>een suspicioned as being the cause of an allergic dermatitis; 
saccliarin is nllege<l to produce vague gastro-intcstinal indigestion 
following its prolonged use; formaldehyde is believed to interfere 
with the proper digestion of proteins and starches; fluorides have 
been proven to produce “mottfcii enainci” m children. 

Tlie indirect effects of adulterants and preservatives in lowering 
tlie quality and grade of foods and the harm which is brought 
about by fraudulent deception of the consuming public are factors 
beyond the scope of the category of chemical toxic agents. 

(h) Food Contaminants.— Food from various sources and proc- 
esses of preparation an<l marketing may hecomc contaminated with 
harmful chemicals. 

Arsenic.— One of the most interesting forms of poisoning associated 
with the taking of food is its contamination with arsenic. The 
classical example was the epidemic of neuritis which occurred at 
Manchester, England in IfKK). In this instance iron pyTites con- 
taining arsenic as an impurity was used in the manufacture of sul- 
phuric acid and the acid, in turn, was uswl in making glucose. Tlie 
arsenic w'as carried over w itii the glucose w'hich was used to make a 
cheap beer, and thus some thousand cases of arsenical neuritis 
occurred from drinking this contaminated be\-erage. Rosenau 
records that the beer contained from 1 to 3 grains of arsenic per 
I Baer. II L.. Jour. Am. M«d. Assn . 103, 10, 1034 
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gallon. Similar poisoning can occur tlirough the use of contaminated 
glucose used for any other food purposes. 

As late as 1912, Bernard Smith’ of the Boston Food and Drug 
Inspection Laboratory found harmful amounts of arsenic in com- 
mercial shellac used for glazing the surface of cheap candies and 
confections. Smith states thjit “Orpiment (yellow sulphide of 
arsenic) is very generally added to shellac in India for the purpose 
of rendering the product opaque and producing the light-straw 
color of the higher grades.” Shellac of this type was formerly 
widely used in lining tins, vats, and containers, especially those 
for brewers’ products. 

The use of arsenical sprays to control insect pests in orchards 
and gardens has raised the question of an arsenic hazard to the con- 
sumers of such treated fruits and vegetables. 

The two commonest arsenical sprays are arsenate of lime and 
arsenate of lead mLvtures. Arsenate of lime mixture contains 1 
pound of white arsenic per gallon of fluid and arsenate of lead mix- 
ture 4 ounces of arsenate of soda, 11 ounces of acetate of lead 
(sugar of lead) to 100 gallons of water. Paris green (a double salt 
of copper acetate and meta-arsenite) and Scheel’s green (copper 
arsenite) are also used as sprays in the proportion of 1 pound of 
either to 150 gallons of water. The coating of the arsenical sus- 
pension on the fruits and vegetables can readily be removed for 
the most part by washing and rinsing with water. Acidulated water 
appears to be more effective. All of the arsenic cannot be removed 
because part of it undergoes combination with the plant tissue itself. 

Small amounts of arsenic on sprayed fruits and vegetables are 
not considered injurious to health and the U. S. Food and Drugs 
Act administrators place the allowed maximum at 0.01 grains of 
arsenic (as AS2O3) per pound of food. This is in the proportion of 
1.4 parts per 1,000,000. Coulson* has shown in a preliminary con- 
tribution that organically combined arsenic in shrimp is stored far 
less effectively in the bodies of experimental rats than inorganic 
arsenic trioxide administered In the same dose as the amount of 
the naturally occurring compound in this sea food. 

Arsenic poisoning is due to the arsenious acid ion. Dissociation 
of this ion from the organic compounds is difficult and this fact prob- 
ably explains their relatively low toxicity. The anhydride and 
organic salts on the other hand are readily converted to arsenious 
acid and in the tissues probably form arsenites. Arsenical salts and 
acids do not possess the tj^iical garlicky smell of volatilized arsenic 
and are therefore not detectable by their odor. They do not possess 
any characteristic taste w’hidi will reveal their presence in food. The 
sweet taste attributed to them is too mild to be noticeable. 

* Smith, Bernard Circular 91, U. S. Dept. Agric., Bur. of Chem., 1912. 

* Coulson, E. J. ft. al ; Science. 80, 230, 1934. 
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Arsenic in small doses act^ as a protoplasmic poison to tlie epi* 
thclial cells lining t!\e stomach and intestine and to a less degree 
in other viscera. TJie ol)served effect is a fatty infiltration of the 
cells. IJetweeii this and an necompanying vasfKlilatation and con- 
gestion, ‘lies tlic explanation of the superficial .similarity in the 
appearance of the stomach and intestine in arsenic poisoning and the 
action of the true corroshes. In the ease of arsenic, the membrane 
is damaged by a tnie protoplasmic change nhich interferes with 
function; the t'orrosives <lestroy the cells completely. 

The direct action of arsenic on the capillary walls results in tlieir 
dilatation and increaswl permeability to lluirls. Extraeapillary 
ncCTimiilntion of /liiid takes place ptwlncing edema and serous e.\u- 
dntioii. This explains in part, the natcry stools of acute arsenical 
poisoning. 

In the chronic form of poisoning nitrtjgcnous substances appear 
in tlie urine in iiicreasc-d amount and the liver loses a great part 
of its glycogenic function. Fatty degeneration, much resembling 
that due to phosphorus, occurs in tlie parcncli.\inal cells of the li\ cr, 
blood-vessels anti lungs ami the muscle cells of the heart. Some of 
the metabolic effect is attributed to an acceleration of autol^ sis. 

Tliere is a strong tendency for the body to store up arsenic which 
has been absorbed but there Is alwaj's some immediate loss by way 
of the urine and feces. That winch has been retained is held by 
the cells of the viscera for some time but has a strong predilection 
for epithelial tissues. Thus it is found In considerable quantities 
in the skin and hair. Since the epidermis and hair are eventually 
shed, arsenic is gradually lost in this way. In chronic poisoning 
it is likely that there is a continual shift of stored arsenic from tissue 
to tissue. 

Lead.— I.ead gains access to foods and beverages tlirough gross 
contamination as they are being eaten and by previous contact with 
the metal or its salts at its source or in transport. 

In the first category fall sucli instances as the contamination by 
lead on the liands of workers who handle lead products. Painters 
and other lead workers who ore airclcss about washing their hands 
before meals may carry poisonous quantities of lead to their mouths 
while eating; workers who eat their lunches in a iead-ladcn atmos- 
phere may consume gross amounts of the metal which has settled 
on their foofi. 

The second category contains such sources as soluble lead salts 
or even the metal itself which comes from lead pipes or cisterns, 
or pipes sealed with load solder; bewrages prepared in lead scaled 
vats or stills; small food containers such as tin-cans and tinfoil in 
which lead is used; lead-containing sprays for pest control on fruits 
and garden products. 

Rosenau cites two instances of multiple poisoning caused by 
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drinking lead-contaminated water, one in a convent near Lyons 
and the other at Chateau de Claremont. In the first the contamina- 
tion amounted to 2.7 mg. of lead per liter and in the second 16.5 mg. 
per liter. 

The lead solvent power of all water is not the same. The condi- 
tions which favor and suppress the passage of lead ions into water 
may be listed as follows: 

Favoring contamination: 

Carbonated water or water with a high COi content. 

Water with a pH value below 7 and above 9.5. 

Pure water-distilled water especially. 

Soft water. 

Suppressing contamination: 

Deposits of lead o-xide or carbonate inside the container. 

Turbid water. 

Water with a pll value between 7 and 9.5. 

The lead spray for pest control contains 1 1 ounces of acetate of 
lead (w’ith arsenic in the same proportion) per 100 gallons of water. 
Some of this may remain in the inacc^siblc crevasses of fruits, 
vegetables and leafy plants even after the most thorough washing. 
The U. S. Food and Drugs Act prohibits the sale of foods containing 
more than 0.014 grains of lead per pmund or 2 parts of lead per 
1,000,000. The allowable limit recommendeed by the Advisory 
Committee on Standards for Drinking Water of the U. S. Public 
Health Service is 0.1 parts per 1,000,000. 

Lead chromate has been used in bakers’ supplies to give color to 
cakes and confections and has produced poisoning. 

Ingested lead is not readily absorbed because of the high tendency 
for the formation of insoluble sulphur compounds in the intestinal 
tract. Even that which is absorbed may be eliminated largely 
through the bile. Although poisoning by ingestion is now less 
common and far less hazardous than inhalation of lead dusts it is 
still an actual potentiality of serious grade under the conditions 
mentioned. The form in which it is taken, the circumstances under 
which it is acquired, and the conditions in the defense mechanisms 
of the individual all go to make it quite impossible to set any mini- 
mal toxic dose. It is said that 0.5 mg. of lead per liter or ^ grain 
per gallon of water may produce poisoning if taken continuously. 

For a continued discussion of the mechanisms of lead poisoning 
after absorption has taken place, the reader is referred to the article 
on lead acquired by inhalation. 

Copper.— Copper poisoning resulting from its ingestion in food 
is rare and by some is not conceded to occur at all. Animal experi- 
mentation however, has demonstrated that copper in small amounts 
can be absorbed by the vertebrate body and Mallory has show’n its 
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presence in large amounts in tlie liw and other tissues in Jiemo- 
chroinatosis. 

It gains entrance to food most commonly by going into solution 
from copper or bronze containers. Jfnllory cites sources from 
copper stills used in the distillation of alcohol and large kettles 
employed in making apple ]>utter and cider. 

Copper sulphate is lists! to poison objectionable alg® in water. 
This causes the algic to form a deposit on the bottom of the con- 
tainer and most of the copper 13 carried down with this sediment. 
Filtration will then remove all but a small amount of the copper 
and leave the water entirely potable and non-poisonous. 

Copper sprays on leafy vegetables is a more important way in 
which considerable amounts of copper may be consumed because 
this metal possesses an affinity for chlorophyl. Adulteration of 
green vegetables with copper salts to give them a fresh appearance 
has been practised and Wiley cites the practice In other countries 
of using Copper sulphate to enhance the color of cannctl green jieas. 

No absolute statement can be mnile as to the amount of copper 
poisonous to man but it is generally l)clleve(l that the proportion 
of 0.1 to 0.2o parts per 1,000,000 of treated and then filtered water 
leaves no pos.silii]ity of poisoning. 

Absorbctl copper is largely deposited in tJie liver but may be 
found in the kidney, spleen and thyroid. It h lost from tlie body 
by way of all of the excretions and is secreted in bile and milk. 

Fluorine.— JIany natural waters contain from less than 1 to 14 
parts of fluorine per 1,000,000. Tlic distribution of fluoride<onta!n- 
ing waters is spotted geographically l>eeause of tlie scattered occur- 
rence of fluorides in tfic earth’s crust and file accessibility of these 
strata to the sources of the water supply. The latter factor is 
probably the more important l>ecause of the high prcTOlence of 
fluorine generally in the earth’s crust. 

It has been shomi that fluorides ore present to harmful tlegrees 
in i»o(h drinking irater and Ti-ater used for cooking so that these 
are both jintcnti.!! sour«*s of poi^ioning. 

The absorption of fluorine results in a toxicosis which has both 
general and local effects. Acconling to Smith* there is a metabolic 
disturbance which results in the mobilization and loss of calcium 
giving a jiicture in rats much like rickets. 'Hiis has not been demon- 
strated in the human aithougli it may be Uiat it occurs in a minimal 
degree. 

The outstanding effect of tJiis mineral is on the teetli and more 
specifically on the enamel formation of nnerupted teeth. Tlie 
mechanism of the interference with enamelization is not ^own hut 
the result is a chalky softening of the enamel layer. This tends to 
appear in spots giving a mottled appearance. Smith suggests that 
• Smith. M. E.: Am. Jour. Pub Rcaltb. 25. COG, 1035. 
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this peculiar effect is prochiced by intermittent intoxication, and 
she confirms her belief by producing alternation of chalky and normal 
enamel layers in the teeth of rats fed on a constant ration of food 
M’ith intermittent introduction of fluoride into tlie diet. The number 
of chalky layers corresponded to the number of fluoride-food periods. 

Because enamelization of the deciduous teeth is almost completed 
before birth these teeth are not as readily affected by fluorine. 
Recent work of Smith has shown that this is not a hard and fast 
rule for a mother who has consumed hea\’ily contaminated water 
has been shown to present mottled enamel in the deciduous teeth 
of her offspring. It is believe<l that the placenta blocks the passage 
of low concentrations of fluorine but may permit large amounts 
to pass into the fetal blood. 

It has more recently been shown that fluorine may influence the 
dentin of permanent teeth but not the enamel. This results in a 
hidden internal softening of the tooth. 

Fluorine has lately been substituted for arsenic in vegetable 
sprays. The salts used are barium siHco-fluoride and sodium-silico- 
fluoride. Since mottled enamel has been found in areas where 
the water supply contained as little as I part of fluoride per 1 ,000,000, 
and since the U. S. Department of Agriculture determined the pres- 
ence of 6.0 parts per 1,000,000 on apples three months after they 
had been sprayed and showed that washing cannot remove more 
than 80 to 90 per cent of the spray the quantity remaining may still 
be too near the minimal toxic concentration. 

Alonuoum.— The double salt of aluminum, aluminum-potassium 
sulphate or alum is widely used in baking powders but the amount 
possible for one person to consume from this source is far under 
that which may have any untoward effects. Poisoning from con- 
tamination of food is therefore hardly to be considered. 

There is also no evidence to indicate that aluminum cooking ware 
can give up enough of this metal to produce poisoning. 

Zinc.— The only suggestion that zinc may have any effect in 
man is Mallory’s^ contention that chronic zinc (and copper) poison- 
ing results in the deposition of hemofuscin in the tissues. He 
believes that the source of this zinc is cooking utensils and appar- 
ratus used in the brewing industry. No statements can be made as 
to amounts which may be harmful. Mallory found hemofuscin 
only in adults over forty-five years of age. 

Botulinus ToJdn.— This is a powerful neurotoxin produced by 
Clostridium botulimm. Tlie organism itself is a saprophytic 
anaerobe which grows rearlily in many' common foods. The toxin 
is a specific exotoxin and appears therefore as a soluble poison in the 
food which has acted as the culture medium. The ingestion of such 
contaminated food results in the condition of intoxication called 

• Mallory, F. B.: Jour. Mod Bra , 42, 461, 1921; Jour. Path . 1, 117, 1025 
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botulism. Tills is ti true exogenous cliemical poisoning and not 
an inroctiuu. 

Botulism toxin is tlie only true toxin absorbed from the gastro- 
intestina! tract of man. 

C. hotiilinum is widespread in Nature as a common inhabitant 
of most soils, although its distribution, as judged by outbreaks of 
botulism, may not be equal and continuous. 

It ina\’ be safely assumed that most foods are exposed to 
botullnus spores but tliat tlie oi^nism grows only when the culture 
me<lium suppJie/1 by tlie ftxxl is just right. The first requirement 
of tlic organism is protein .so that it can only grow in protein-con- 
taining foods. It is anaerobic and must therefore be protected from 
air and sunliglit by licing brought Into the center of a foodstuff or 
enclosed in an airless container. For these reasons C. botuUnwn 
infection of food occurs most commonly in those instances where 
the food medium has hocii prepared in such a way as not to have 
de.stroycd the organism and under conditions that favor its growth. 
Such conditions are met most frequently in home canning and pre- 
serving. and occasionally in faulty commercial preparations. 

C. lotxdimm spores are resistant to the ordinarx- cooking tem- 
peratures unles.s the heat is retained for some time. In the absence 
of other factors which may lower its thermal death point a temper- 
ature of 120® C. (248® F.) maintained for a minimum of ten minutes 
is necessary to kill the spores. ITiis is above the boiling-point of 
water and may not be reached in home cooking unless tlie conditions 
of commercial preparation have been simulated by heating under 
pressure. Acidiilation and the addition of glucose lower the thermal 
death point and since these arc common practices in pickling and 
preserving they add to the margin of safety. 

Another <laiigcr iu home preseiwation of foods lies in tlie con- 
tamination of food after it has been cooked under the false assur- 
ance that tlie cooking has completely sterilized the food or prevented 
furtlier changes in it. The ignorant custom of permitting cooked 
foo<Is to stand around outside of the ice-box or in open cans at room 
temperatures is responsilile for much botulism. 

The foods most commonly involveil are ham and pork products, 
string beans, corn, olives fmos% ripe), nspara^gus, spinach, peas, 
beets and more rarely other meats and sea-foods. This is not indi- 
cath-e of any special predilection of the Iracillus for these foods but 
because the conditions under whicli tliey are prepare<l and handle<l 
are favorable to the organism. 

Botulinus toxin pos-jesses a curare-like effect. It produces an 
ascending cord paralysis and terminates in bulbar palsy. It is 
absorbed directly from the intestine, being resistant to the gastr^ 
intestinal secretions, and exerts its first effect on the mesenteric 
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plexus thus involving the intestines early in its attack. Death 
results from respiratory center paralj'sis. 

The onset of symptoms may appear within a few hours after the 
ingestion of the poison or may be delayed for several days. In 
general, the more rapid the onset, the more serious the results. The 
case fatalit}' rate is seldom under 50 per cent and may be 100 per cent. 

^^'ide discrepancies appear in estimates of the amount of poisoned 
food required to produce intoxication. This may be explained by 
differences in the intensity of toxin production, the strain of the 
organism, and possibly, individual factors. Rosenau records a dose 
of 0.000001 cc. which prove<l fatal to a 250 gram guinea-pig and a 
fatal case in a human after nibbling a portion of the pod of a spoiled 
string-bean. 

Botulinus toxin is a true toxin as shown b5’ its antigenic effect 
in producing a specific antitoxin in susceptible animals. Horse bot- 
ulinus antitoxin can be obtained in sufficient titer to be useful in 
combating the poison in man. Since two toxic strains of C. hoiulinum 
are known (Types A and D) both should be used in the preparation 
of antitoxin. 

(c) Products of Food Decomposition.— The ordinary decomposi- 
tion products of organic matter are of little significance in poisoning. 
Objectionable gases and acids may arise during the processes of 
fermentation and putrefaction and make food less appetizing, and 
even nauseating, but they of themselves are non-poisonous. Indirect 
physiologic results may be conceded to follow the ingestion of exces- 
sive amounts of such products as lactic, butyric and other acids. 
They arise in food almost entirely from bacterial action. 

The ptomains are a loose group of basic, nitrogenous cleavage 
products of the protein molecule, some rich and others poor in 
oxygen. They are: methylamin, di-methylamin, tri-methylamln, 
cadaverin, putrescin, muscarin, ncurin, choline, betain and mytilo- 
toxin. 

Ptomains are non-specific and possess no antigenic properties 
(distinguishing them from toxins). They result from the action of 
several forms of bacteria on protein media, and one form of bac- 
terium maj' produce different cleavage prtxlucts under ^'arying con- 
ditions such as presence or absence of oxygen, availability of protein 
other than amino-acids, temperature, reaction of media, and stage 
of the process when the organism is introduced. 

Only two of the ptomains are looked upon todaj’ as harmful. 
They are muscarin and mytilotoxin. There is some doubt that 
mytelotoxin is the cause of food poisoning since the finding of 
another active poison in spawning mussels. Muscarin is however, 
one of the active glucosides in mu^room poisoning (see page 194). 

“Ptoraain Poisoning” as such is now dropped from the literature 
and is never used as synonymous with “Food Poisoning.” 
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DEFENSE AGAINST POISONS TAKEN WITH FOOD. 

The broad defense uK«b>st this group of poisons is legislation. 
In the Uniteil State.s tlie U. S. Food nnd Drugs Act is the instrument 
tinder whicli tiie Fcticral Government administers its control over 
adulteration of foodstuffs and assure.^ the marketing of only safe 
foods. This act is supported locally by State and Jlunicipaf Sani- 
tary Codes. 

It is quite impossible in mast instances for the avenge consumer 
to detect adulteration or the addition of preservatives in harmful 
amounts. Furthermore, he cannot protect himself against con- 
taminated food supplies unless thej reveal themselves by some 
gross change in odor, taste, color orapprarance. 

Public opinion, through harmful notoriety, is a strong weapon 
against careless or fraialulent practices on the part of food mer- 
chants. Tims, the carmens became convinccrl of the value of a clean 
product after the exposure of their infected foods was made public 
following a series of outbreaks of botulism. As a result the food 
canners have tint been responsible for any series of botulism cnse.s 
in the United States since 1925. 

Tedmical advances in equipment have reduced the number of 
poisoning cases from arsenic, lead nnd copper. I,eod pipes are 
being replaced by iron, lead solder by zinc, shellac lined containers 
by glass or some non-corro<ling metal. 

More effective refrigeration in .stores, homes nnd transport vehicles 
has adderl greatly to the safe preserv'ntion of food and largely done 
away with the necessity for chemical preservatives. 

Although qiijilitative and quantitative adulteration still persists 
it is largely of the nature of clieap substitution of non-poisonous 
articles. 

Tlie widespread use of spra^-s in pest control has opened up a new 
and serious menace to health. If these useful but potentially harmful 
practices persist the agencies responsible for controlling them must 
keep an ever watchful eye upon them. Small scale fruit growers and 
vegetable venders can readily make use of tliese poisonous sprays 
and fail to wash and treat their products with sufficient thorough- 
ness. In view of this popular practice hotel and restaurant keepers 
and housewiv'es sliould be told of the potential dangers and in- 
structed how to wash and clean produce bought in the public m.ar- 
ket; particularly that arsenic can best be removed by washing in 
slightly acidulated water. 

The high fluorine content of water in certain regions is a problem 
of current importance as no method has been devised b;}' whicli 
mottled enamel can be prevented among children who drink this 
water. The addition of caldura to the diet m.ay aid in preventing 
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calcium loss but has not been sliown to influence the local effect 
on the teeth. 

Fluoride sprays and washes on fruits and vegetables should be 
prohibited. 

Poisoning by contaminated food (other than by pathogenic 
bacteria) in the home is mostly due to botulism. The single defense 
against this disease is the use of only fresh or well cooked food. 
Fresh uncooked food will not harbor C. boiulimm and well cooked 
food will destroy the spores of the organism. Home canning should 
only be undertaken by those with a good understanding of the 
principles involved and the facilities for carrying them out. 

Foods laid aside for future consumption should always be kept 
at a low temperature in an efficient refrigerator, or if traveling, on 
ice. Prepared protein footls, which .are not well salted or pickled 
and which have been allowed to stand unprotected at room tem- 
perature for more tha!\ a few hours should not be eaten. This 
applies to nil meats, sea-foods, dairy products, and manj' green 
vegetables such as beans, peas, asparagus and corn. 

Sausage meat, the food in which C. boUdinnvi was first demon- 
strated, still remains the chief offender. 



CHAPTEll XVIII. 

rOISOXS ACQUIRKI) BY INGESTIOX (Continued). 

POISONS TAKEN AS MEDICINES. 

The harmful pfTccts of ilrugs and mnlicincs are here considered 
only as they are prcseribwi by a physician, or taken under legitimate 
direction. This section docs not consider medicines taken in poison- 
ous amounts by accident or with harmful intent. 

AltliougJi most medicines may produce poisonous effects they 
are not ncccsvirily poisonoiii. The ph.v'siologic action of all drugs is 
of the nature of a chemical (or ph.v'sicxxheniical) excliange between 
themselves and the tissues on which they act. Any poisonous qual- 
ities wliich they possess become manifest only vhen the changes 
they pro<luce (listurli the tissue or cell mechanisms beyond tJieir 
limits of tolerance. 

It is impossible to know at present the limit of tolerance of the 
tissue cells that are acted upon by a given drug, nor can the circum- 
stances unilcr which it may roach this limit be measured with cer- 
tainty. The sciences of pharmacologj- and therapeutics have exam- 
ined all drugs and medicines now in use and have established an 
average range of dosage for each. 

The amounts that they have prcscribcil express the average dose 
of each that will, on the average, pitwlucc no harm but will be suffi- 
cient to bring about its desireil effects. 

Poisoning from legitimate mwllcatlon results from failure to 
evaluate cither the limit of tolerance or the circumstances under 
which the drug is administered. Not infrequently the safe limit 
is greatly reduced without the physician being aware of it and poison- 
ing results from a <lose considerably below the average. On the other 
hand an ordinarily safe dose may be eiihanccfl in its effect by e.xces- 
siveiy rapid absoriJtioii, or delay in its elimination may permit it to 
act over an unsafe period of time. 

Some drugs possess a cumulative action, that is their physiologic 
effect is prolonged or they continue to exert their effect long enough 
to overhp the added effect of subsequent doses. Digitalis, quinine, 
arsenic, lead, mercury and the iodides are outstanding examples. 
In these, there is either a delay in tlieir elimination or tiie\' may be 
actually store<l in the tissues. 

The tolerable amount of some dru^ bears an important relation- 
sliip to body weight. It is due in all probability to the diluting 
(218) * 
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effect of the body fluids and tissues. Any given amount of a drug 
which is carried generally throughout the body will necessarily 
reach a given tissue in more dilute form in a large body than in a 
small one. This does not apply in instances where the drug reaches 
its selective tissue without entering the circulation, as in the case of 
locally acting respiratory or gastro-intestinal medicaments. 

The above consideration along with the accelerated growth pro- 
cesses and tissue immaturity of young children leads to the general 
rule, that children can tolerate only a fraction of the adult dose. 
According to Young’s formula the dose for a child is the fraction of 

the adult dose represented bv This formula cannot be more 

' age 12 

accurate than the dosage for the adults and for certain drugs does 
not hold at all. Opium given according to the Young formula would 
be in too great an amount for a clilld and many of the purgatives and 
laxatives would be ineffectual. 

The toxicologic effects of drugs may be exaggerations of their 
therapeutic action or the results of secondary effects unrelated to 
their pharmacologic action. Thus, strychnine poisoning is producetl 
through the same mechanisms that are involved in its non-toxic 
therapeutic action tvhereas the bromides in overdose produce acne, 
mercury causes stomatitis or renal damage, and arsenic produces 
dermatitis. 

The undesirable effects frequently occur before the drug has 
been able to produce its optimum pharmacologic action. It is not 
uncommon to find instances in which the desired effect of quinine 
or emetine cannot be reached before the onset of unfavorable reac- 
tions. Undoubtedly many therapeutic failures result from this 
cause and poisonings occur in an attempt to push the drug in spite 
of these undesirable results. Poisoning may result therefore from 
overzealous therapy on the part of a physician or through self- 
medication by the public. In some instances tlie physician may 
permit mild toxic effects when he feeb that the advantages of the 
medication outweigh any possibility of permanent damage from 
the heavy dosage. This is none the less true intoxication although 
it is deliberate. The lay public on the other hand cannot separate 
the toxic from the therapeutic effects and may suffer irreparable 
harm from unintelligent use of home remedies. To the layman the 
directions on the label appear to be dependable and acting the on 
assumption that “if a little does good, a lot will do more good” 
opens himself to opportunities for serious poisoning. 

Harmful ingredients may occur in patent and proprietary medi- 
cines which have been permitted on the market through oversight 
or carelessness or deliberate fraud contrary to the provisions of the 
Food and Drugs Act. Of recent interest is the use of diethylene 
glycol as a solvent for sulfanilamid which produced some 70 or more 
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clcatlts in tlio Unitctl States in llKi?. Many ^'lycols (etliylenc glycol, 
dictliylene glycol, ctltyl tlictliylenc glycol or cnrbitol, etliyl etliylcne 
glycol or ccIlos<»lvc, 1-1 iHoxan) arc nsctl ns solvents for cellulose 
and resins anil by plinrinaccutical hoiis<» as solvents or vehicles for 
various resinous drugs. Kthylene glycol is a constituent of an anti- 
freeze mixture for automobile radiators and diethylene gljcol is 
used in the treatment of cigarette p.apers. 

The derivatives of ethylene gly'col have been found b}- von 
Oettingen and Jiroucld to possess various toxieities depending largely 
on the manner in which they are administered. As a group they 
produce muscular and ner\'OU3 depression, hemolysis, and nervous 
depression. Ke.sten, Mulinos, and 1‘omerantz* find that diethylene 
glycol in poisonous amounts in rabbits produces a severe hydropic 
degeneration of the convoluted tubules of the kidney and to a le.sser 
extent of the liver and ndrcmals. Human ileaths from diethylene 
glycol used as a solvent vehicle in place of glycerine to carry sul- 
phanllnmid In solution have rcsultcil from kidney damage and 
anuria. 

Hansen* has reported severe poisoning from drinking anti-freeze 
mixture containing ethylene glycol. 

Kvery therapeutic agent has its own particular mode of action 
and whether its clTects are direct or Indirect it brings them about 
through its peculiar action on mechanisms susceptible to it. 
Tiic consideration of the circumstances under ^^hich each drug acts 
and the mechanisms in which it is involved Is beyond the space 
allotted in this work. For full particulars on tlie poisonous action 
of special drugs and therapeutic agents the reader is referred to 
standard works on i'harmacology. Therapeutics and Toxicology. 

POISONS TAKEN AS DRUGS THROUGH ADDICTION. 

There is no satisfactory ilefinilion of drug addiction or a h.abit- 
forming drug. If tolerance is taken as a criterion for addiction it is 
necessarily inaccurate because of the lack of understanding of vhat 
constitutes tolerance. Those substances showing symptoms on 
their withdrawal constitute the category of harmful habit-forming 
drugs according to some. The term narcotic drug addiction is 
obviously a restricted application. 

It is necessary therefore to be arbitrary in the selection of drugs 
falling under this category. Those considered here will be the 
drugs and medicines accepted by common usage as Laving a strong 
tendency to bring about dependence on them for their effects. 

I Von Octtmgen. W T., and Jlroueb. E. A.j Jo«r. Phatm and Exppr Thetap , 

KesWn, II. D , Mulinos. M. G., Pomeranti, L.: Jour. Am MceJ Assn . 109. 
1500. 1037. . 

» Hansen -SammlK. Vormftgs Rifle. I. A.s J76, 1930. 
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No undue importance will be laid on their physiologic necessity 
once the habit has been acquired, altliough this is unquestionably 
one of the main perpetuating factors. 

At the basis of all of the more serious drug addictions lies the 
important factor of psychic necessity. That is, whether it be the 
psychopath’s craving for release from his responsibilities, the sleep- 
less neurotic’s need for a hypnotic, the relief from pain for a chronic 
neuralgic, or the “courage” required by the mental and emotional 
inferiors, there is for each a reason why it should be taken which 
arises out of some real or imagined need. 

An analysis of the causative factors of addiction must make a 
distinction between the predisposing, precipitating and continuing 
causes. Wiat causes an individual to take up a habit-forming drug 
may be quite different from the reasons for continuing it. A single 
case may be cited to show these distinctions. A young girl who was 
given paregoric for dysmenorrhea recognized the same feeling of 
relief on a later occasion when she was given a hypodermic of mor- 
phine for a fractured leg. Previous to the accident she had not 
known that paregoric was an opiate but wlien she was informed of 
the connection betw een paregoric and morphine she soon switclied 
over to the use of morphine for her dysmenorrhea. Within three 
months she was using morphine tablets for relief from the worries 
of a love affair and when she was seen by the writer some years 
later she was a physical and mental wreck, accustomed to her daily 
“shots” and almost maniacal in her demand for morphine. The 
initiating and continuing factors in her case were distinctly different 
but each involved a psycluc need. 

This brief introduction will serve to emphasize the joint action 
of ps}’chic and poisonous fnclors in tJie natural historj’ of drug 
addiction. It is the poisonous substances tliemselves with which 
this section is most concerned. 

The commonest habitually ingested poisons are alcohol and 
caffeine. These common bev'erages have been considered in the 
preceding sections. 

Opium and Its Derivatives.— Opium and its deri\’atives is looked 
upon as the t.^'pe <lrug in tlie category of drug addiction. Outside 
of the Orient it is generally taken by mouth at the beginning of 
addiction but there is a strong tendency to use it in hypodermic 
form by those well established in the habit. 

Preparations and extracts of opium taken by mouth are paregoric 
(Tr. Opii camphorata), laudanum CTr. Opii), Sydenham’s laudanum 
(V^inum opii), black drop (Acetum opii), Dover’s powder (Pulvis 
opii et ipecacuanhie) pantopon (Pantopium hydrochloridum), 
morphine sulphate and hydrochloride, Tully’s powder (Pulvis 
5Iorphin« Compositus), endeine (Methylmorpliine) ^and heroin 
(Diacetylmorphine). 
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Tjic nlkiiloiils of oiliutn nm! their salts arc absorbed directly by 
the fiastric imd intestinal imicosa. 'riieir presence in tlie alimentary 
tract produces no local action but after nlisorption they exert a 
profound effect on the gastni-intestina! musculature. According 
to Cuslitiy they Jiavc been shown to pnxluce reduced tonicity of the 
gastric mnsc\dat\jre nml increase*! tone with spasticity of the 
muscles of the colon. The former dchiys the emptying time of the 
stomacli and the latter liohls the fecal contents longer in the large 
intestine. The two together pennit more efficient digestion of fowl 
and greater al>sorption of the *ligeste<l and lluii! portions. The 
relatively small amount of residue and the disturhanc-c of peristalsis 
result in a sluggish bowel nn<l cniistiiiation. Denervation of the 
intestine does not alter this condition so that the constipation is 
not due to any nerve effect of morphine. 

In its passage tlirougli the blowl stream, morphine (as all other 
narcotic oj)ium alkaloids) Influenocs the cells of the central nervous 
s.N’stem mul shows a selective action on the respiratory center and 
the pain^ perceptiou inechantsm. nic respiratory center in tlve 
medulla is depressed an<l respiration is slowed. In the sensoriiiin 
the action is complex and not well understood. The manifestations 
uf its effects arc inability to concentrate, dulling of the pain response 
to contimic<l stimuli, some loss of psycldc inhibition and a resultant 
tendency to volubility, and a freer flow of the imagination. There 
is no c.xpInnation for this reaction other than by chemical change 
and altered function uf the cells of the coCriHnating and mental 
associative mechanisms. The apparent Increase in mental activity 
may be only a conipofisi*tor>’ phenomenon in whicli higher brain 
centers are j)ermittcd temporary (luminance over the lower because 
the latter no longer traii-smit the importunate impulses coming 
from the surface areas. 

Mori)hine is partially oxidimi in the body and some undergoes 
methylation, probably in the liver. The greatest part is eliminated 
in the urine, some escapes through the stomach walls and appears 
in the feces, and a part is store*! for variable lengths of time in the 
general musculature. There is no evalence of antitoxin prodiittion 
or any special mechanism piwluced by the body to deal witli it. 

If morphine is given in rcfwflte*! doses (especially in large doses) it 
is soon found that the toxic effects do not follow unless the amount 
of the drug is increased. This is evidence of tolerance, but there is 
no satisfactory explanation for its development. Toleranc-e is 
probably a combination of many factors of whicli those mentioned 
are only part explanations. 

\Ylien an individual who is habituate*! to opium is deprived of it 
or ceases its use he presents rvhat are called withdrawal symptoms. 
These are mental agitation, wony, anxiety, depression, diarrhea, 
weak pulse, muscular pains, and p^j-chic changes that involve the 
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personality to such a degree that an originally sound minded, sober 
individual becomes a depraved slaw to any means that will gain 
his end, which is more morphine. 

No satisfactory explanation for the withdrawal symptoms has 
been found. An alleged toxic product developed from or on account 
of morphine, has been hypothetically accepted by some but never 
demonstrated. 

With the establishment of tolerance It is possible for a man to 
continue to use opium at an cstablisherl level without suffering from 
any known pathologic effects. This is observed in the Oriental 
A\ho smokes opium habitually, maintains his nutrition, and enjoys 
good health. Most, if not all of the harmful effects of opium in the 
habitue, are due to such associate<l factors as unavailability of the 
drug, worry o\er e.xposure of the habit, loss of appetite and the 
surrender of personal care, responsibility and interest to the nectls 
created by the habit. Cases are recoitled of addicts who habitually 
took 20 grains of morplune a day without serious effects. An 
average addict may stabilize his habit at 1 or 2 grains and continue 
his daily life unimpairc<l in mind or body. Some professional men 
are in this class and e\en their closest friends are unaware of the 
fact that they take the drug. 

Heroin is more poisonous than morphine. Cushny states that 
its action is similar to but stronger than morphine in Its effects on 
the cerebrum and medulla but that it has little effect on the intestine. 
Habituation to its use is readily acquired but it appears to be less 
^\ell tolerated than morphine, especially in large doses. Mental 
deterioration is rapid and e.\cessive in most heroin addicts. 

Codeine is so little habit forming if at all that it is not included 
in the list of drugs under the U. S. Federal Narcotic Law. That 
a few instances of alleged addiction to codeine have been reported 
and some evidences of tolerance have been demonstrated, makes 
it necessary to question the advisability of looking upon this drug as 
completely non-habit forming. It is much weaker than morphine 
but slows the respiration and depresses the cerebrum in the same 
way. 

Pitildetyde.— Carver, in a review of wareotia adrUetwjna espresse?. 
his belief that addiction to paraldehyde is on the increase. This 
he attributes to its common association with alcoholism. 

Paraldehyde is a polymer aldehjdeofacetylaldehyde, and possesses 
a disagreeable ethereal odor and a burning taste. The large amounts, 
1.3 to 5 cc., required to produce the minimal effects, coupled with 
the undesirable qualities of taste and odor tends to reduce its 
general use. 

In therapeutic doses it is a soporific and nervous sedative and 
when taken in large amounts produces a profound and often pro- 
longed narcosis and unconsciousness. 
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It is used mostly for relief from alcoholic hangovers. Tolerance 
for the ilrug is rapidly reached but as rapidly lost and its withdrawal 
docs not produce imperious craving for more, ns in morphinism. 

Chloral Hydrate. — Chloral hydrate Is a soporific drug which first 
affects the cortical intellectual centers and then, in order, the motor 
corte.\, motor side of the cord, motor ner\'e, and in heavy doses the 
sensory mechnntsnis. 

IJecause of the early invohement of the higher functions of the 
brain its greatest u•^e is for the production of narcosis to combat 
insomnia from mental causes. It Is not used ns an analgesic against 
pain. 

Habituation to its use oecJ^^^» under rcpeatcil nec-essity for relief 
occa5ionc<l by worry nnrl anxiety. Chronic poisoning from its long 
use results in a weakening of the will and general physical depression. 
CaTfliac and vasomotor weakness is concomitant with the general 
decline. Death from a single large dose is duo to depression of the 
vasomotor center and Its tlirect paralyzant effect on the heart 
muscle. The theraiwuticdosc is 0.0 to 1.3 grams, the average letlial 
dose is 10 grams. Itccovery has folUmcil after 3 or 4 times the last 
amount. 

Sulpbonat. Trioosl and Tetronal.— The members of tins group of 
mildly soporific medicines are closely related pliarmncologically to 
chloral. Sulplional is sulphonmetlmnc: trional is mcthybulphonal. 
They act primarily on the brain as somnifacients but do not depress 
the heart. Because of tlicir wide popularity in functional insomnia 
they have been subject to much abuse and the nervous individual 
is prone to continue their use through habit. Tolerance Is acquired 
townnl them and the need for fuller doses carries the user danger- 
ously near or into poisonous amounts. 

Sulplional taken over a prolonged period produces a cJironic 
state of weariness and unsteatliness of gait. This last may progress 
to a stage of paralysis. Darly gastro-iiitestinal symptoms are coin- 
inon comjilaints. 

The drug is slowly ilcstroywl in the body by decomposition with 
the formation of ctliy Istilphoiilc acid. Because of the .slowness of 
this process c\nnu!ativc effects may occur if its use is long continued. 

the peculiar property of decomposing hemo- 
globin with tlie liberation of JiemntopoipInTin an iron-free jiigment. 
This is excreted by the kidneys and gixes a port wine color to the 
urine (liematoporpbyrinuria). 

The letlial effect of prolonge<l addiction to sulplional is brought 
about bj’ respiratory paralysis or suppression of the urine. 

Trional and tetronal are similar to sulphonal in their physiologic 
and toxicologic action. 
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The Barbiturates. 

Barbital; (Veronal)— diethylbarbitiiric acid. 

Pkenobarbifal; (Luminal)— phenyl-ethyl-barbituric acid. 

Sodium barbital; (Sledinal)— soluble barbital. 

•allylisopropylbarbituric acid (with amidopjTine). 

Amytal; iso-amyl-ethyl barbituric acid. 

Bial; di-allyl barbituric acid. 

The salts and compounds of barbituric acid ^^e^e introduced to 
medicine as soporifics and central nervmus system sedatives. New 
combinations have continued to appear, each one alleged to possess 
more specific pharmacologic properties and less toxicity than the 
others. Nevertheless, as a group, they have all been shown to pro- 
duce harmful effects when continued over too long a time. They 
are slowly eliminated and thus may show cumulative effects with 
continued dosage. 

Barbital may not be eliminated for two or three days after inges- 
tion and 70 to 80 per cent of it is lost unchanged through the kidneys. 
Barbital sodium is more soluble than barbital and is therefore more 
quickly and readily absorbed from the alimentary tract. 

The barbiturates are sensory center depressants and narcotics. 
They are therefore indicated and used in the same group of functional 
nervous disorders as the chloral group of drugs. Luminal, in addi- 
tion, is especially useful in epilepsy. 

The margin of safety between the therapeutic and toxic doses is 
great so that acute poisoning occurs only after massive doses. Pro- 
longed use however may cause serious intoxication. They are 
especially harmful to the kidneys in prolonged dosage so that they 
are contraindicated in the presence of renal disease. 

Chronic poisoning is partly the result of the absolute quantitative 
amount of the drug consumed and in part due to the presence in the 
individual of an idiosjTicrasy or h^'persensitiveness to it. All of the 
barbiturates produce mental dulness. Prolonged use causes memorj’ 
disturbances, slow cerebration and delayed associated responses 
as evidenced by speech defects and an ataxic gait. The tempera- 
ment side of the personality may be altered in the direction of irri- 
taViVity and irrational outbursts. 

Cyanosis is not infrequent and an increasing number of erythema- 
tous skin reactions are being reported. 

Excessive dosage results in death from respiratory failure. It is 
preceded by cyanosis, coldness of the skin, depression of tempera- 
ture, stupor and coma. 

The Laxative Habit. — The widespread prevalence of constipation 
has always led to the use of a variety of home remedies and pro- 
prietary drugs for its relief. Althougli these medicines do not pos- 
sess any habit-producing properties within themselves people get 
dependent upon them to “keep their bowels regular.” 

15 
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Pciv of_ the laxatives can be depended upon to continue their 
clTcct satisfactorily over n prolonged periocl of time because the 
mechanisms concerned l)ccome refractory to tliem or abnormal 
changes in the physiology of the digestive tract interfere with their 
effect. Some, such ns phenolphthalein, may be definitely Itarinful 
in continued doses. 

The habitual use of the same laxative is to be condemned for 
these reasons alone, i! not for the more serious possibility tliat 
organic diswisc may be overlookc<l by attempting to treat one’s 
self i\ithout the advice of a physician. 

DEFENSE AGAINST MEDICtNAt POISONS TAKEN BY MOUTH. 

The uncertainty surrounding the nI»sorbabiIity of many phariua- 
crutical preparations and consoqiientb' the lack of any absolute 
knowledge of tlie dose receh'ed, the pnjblein of idiosyncrasy and 
drug hj persensitivencss, and the |H)ssibility of toxic skle-effccts, 
make it imperative that the prescribing physician understand thor- 
oughly the chemical nature and to.xic action of his iTiedicinc.s and 
take into consideration the individuality of his patients. The newer 
8>mthetic drugs arc especially dangerous when used without full 
knowledge reganling them and physicians must he warned not to 
accept tJie claims of salesmen and advertisements e.xtolling their 
virtues. Chemical analyses and pharmacologic studies upon them 
arc available in the reports of authoritative medical councils and 
should always be consulted. 

Unfortunately, poisoning still occurs from the careless usc of 
such standbys ns digitalis, arsenic and strychnine, e%'en when given 
over a physician’s signature and acconling to his directions. Ilis 
prescription may have been filled to the letter but the dose may have 
been WTong either because it was carelessly calculated or written 
or because it had not been adapted to the particular patient. 

It is not uncommon for a doctor to prescrilio a drug and fail to 
inform the patient how long he is to continue its use or thoughtlessly 
to allow the patient to get the prescription refilled without first 
checking up on the results of the first supply . Many cases of drug 
addiction can be found to have their onset in faulty medication. 
All habit-forming drugs should be dispensed in small amounts, 
and if necessary, in disguise. Awareness of the potentiality for 
liabit production in an emotionally unstable or intellectually weak 
individual should be a warning against casualness in their use. 

The limitations in the supply of narcotics available to the public 
throws much of the responsibility for ojntinuation of the narcotic 
habit on the medical practitioners to whom the addict come to 
obtain the drug. Early addicts and those who have stabilizecl their 
dosage present little eWdence of their addiction and the subjective 
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symptoms which they present cannot be disproven. It is easy to 
be misled by their subterfuge and so aid unknowingly in the per- 
petuation of the habit. 

The Harrison Narcotic Act in the Uniterl States and similar acts 
in other countries aim to reduce the supply and use of illegal nar- 
cotic drugs by placing restrictions on their importation, sale and 
possession. In the United States a physician who prescribes a 
narcotic kno\^ ingly to an addict is liable to punishment by imprison- 
ment. lie can only prescribe them under any conditions by pos- 
sessing a special narcotic license. A record must be kept of the 
amounts used and for whom prescribed. 

Education must largely be relied upon to prevent the ever- 
increasing use of medicines without medical supervision. Printed 
advertisements and the radio carr^ on a campaign of deception 
over the virtues of the comino<lities which they represent. The 
use of the terra "scientific” as applied to the authority for their 
prwlucts is not oidy v\ntrue but is the current psychologic catch- 
u-ord that impresses the people nith its spurious authority. Qualify- 
ing statements required b> law on laWIs and packages are so dis- 
guise<l by wording, size of type and other deceitful practices that 
they are seldom seen or read. 

The esthetic senses are appealed to h> incorporating Jiarmful 
medicines in chocolate covered candies, chewing gum and beverages, 
thus giving them an especial api)cal to children and finicky adults. 

People must be taught that home medication is dangerous; that 
few medicines do all that they are claime<l to do; that some prepara- 
tions have no medicinal value whatsoever; that tlioy cannot judge 
what medicines are needed in particular instances; that the long- 
continued or habitual use of innocent dnigs may be harmful. 

The National Food and Drugs Act, the Radio Commission and 
Advertisers Associations can do much to prevent the dangers of 
harmful drugs, but the deeper, more fundamental requirement is 
an understanding by the public that it is being exploited. Tlie 
physicians must fight misrepresentation and ignorance all along 
the way. 



CIIArTEIl XIX. 

rOISOXS ACQUIRED BY INGESTION (Continueu). 

POISONS TAKEN BY MOUTH THROUGH ACCIDENT OR 
CARELESSNESS. 

Manv highly poisoiioiis siihstances arc found as ingredients of 
common iiouscliold supplies. Tlic&e, through mistakes in identity, 
ignorance ns to their use, canlcssness in marking their containers, 
and leaving them where they may fall into the hands of children 
and infants are a prolific source of accidental poisoning, Aikman' 
reports that more than 500 deaths from acute poisoning (gas ex- 
cepted) occur jxaWy in the United States in children under five 
years of age. There were i(K)5 <leaths if> all ages from accidental 
poisoning (gas excepted) in the United States in 1932. The rela- 
tively high number of deaths under five years (over one-third of the 
wliole) is evidence that many deaths from this category must be 
preventable. 

The average home medicine closet or shelf is usually found 
stacked with home remedies, partly «>nsume(i prescription medi- 
cines in hottles and boxes, iodine ami other first aid preparations, 
cosmetic’s, irrigating solutions or tablets for making them up, and 
sundry cleaning and househohl supplies in bottles or jars not unlike 
their mcilical counterparts or actually kept in old prescription 
bottles. Frequently the original labels on the latter ha\'e not even 
been removed or changed to designate their new contents. 

The hall anti kitchen closets arc repositories for insect and vermin 
eradicators, various polishes for the floor, furniture, kitchenware and 
table utensils, bleaches and blueing for the laundry, drain and sink 
openers and toilet anti washlwwl cleansers. 

Ant where about the house, workshop or barn may be found num- 
erous chemical compounds sudi as ink eradicators, photographic 
materials, worksliop supplies, weed killers, fruit and vegetable 
sprays, liniments for man and animals, shoe, harness and metal 
polishes, lye, kerosene and gasolene. 

Most of the adult accidental poisons come from the medicine 
closet or kitchen self. In the firet instance they are frequently 
picked up and usetl without first having identified the bottle, or 
they may be taken for a tncdicine bottle in which thej’ had been 
placed without proper lalieling. Among the common mistakes 
occurring in this way are tlie use of iodine in place of some dark 

' .\ikinan, J." Jour. Am Med. Assn , 103, 640. 1931 
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liquid medicine such as fluidextract of cascara, bicliloride of mercury 
tablets for aspirin, mercurial douclie concentrates for liquid pre- 
scriptions, phenol and cresol compounds for cough mbctures, and 
boric acid for sodium bicarbonate. Some serious poisonings have 
occurred because the victims were so sure they "knew just where 
the bottle stood” that they picked up the bottle occupying that place 
in the dark and drank it without turning on the light. 

On the kitchen shelf, rat and vermin powders have been place<l 
in baking powder tins and cereal boxes and so used in cooking. A 
series of poisonings occurred in Philadelphia in which such a mixture 
had been placed on a grocer’s shelf and sold over the counter. 

The following list of poisonous substances found in household 
and workshop supplies is taken from Aikman’s excellent article: 


Poisoxa Found in Insecticides. Rodesticides and Fibewouks. 
Roaches, Ants, Fleas and Crickets: 

PjTethrum Paris green 

Sodium fluoride Tliallium 

Bedbug, Fb' and Mosquito; 

Cresol Naphthalene 

Phenol . Nicotine 

Pyrethnim 

Rodents: Rats, Mice, Moles, Gophers, Woodchucks: 

Cyanid Sulphur 

Arsenic YelJow pliosphorus 

Phosphorus Formalaehyde 

Thallium «ulphate Hydrocyanic acid 

Red squill Cfiloropicrin 

Fireworks: 

Mercuric sulphocyanid 
Arsenic sulphocyanid 

Phosphorus ("spit-devil’' or ‘ son*of-a-gun”) 

Mercury in victory snakes 
Poisons in Paints; 

Lead: 

White lead 

Chrome yellow, or.aDge and green 
Glaze.s, enamels, putty 
Spray paints, lacquers, enamels 
Arsenic: 

Shed’s green 
Emerald green 
Benzene (C,H,) : 

Quick drying paints 
Spray pamts, lacquers, varnish 
Paint removers, shellac, stains 
Covering for automobile tops 
Bronzing and gilding fluids 
Methyl Alcohol and Denatured Alcohol: 

Varnish and shellac 
Varnish and paint removers 
Solvents for gums, dyes, resins 
Coatings containing cellulose nitrate 
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Poisons Found in Insecticides, Rodenticide? and Firewoiiks. 
{Coniinved.) 

Poisons in Paints:— 

Naphtha 

Benzine 

Turpentine 

Anilm 

Cosmetic Preparations: 

Freckle removers: 

Corrosive mercuric clilotHlc 
Atninoniated mercury 
Bismuth 

Mole and wart removers; 

Acids or caustics (see Caustic Poisons) 

Skin foods and creams: 

Mercury 
Salicylic acid 
liCad 

Hair tonics and Dyes: 

I.«a{I BUmvith 

Sulphur Arsenic 

^'hver 8a^t8 SaYic/‘a'i«s 

Pyrogallol Anilm derivatives 

Deodorants: 

Solution of an ammonium salt (practically liannle‘»‘») 

Depilatories: 

Barium or sodium sulpliatc 
Tliatlium acetate 
Caustic Poisons: 

Hydrochloric acid; 

Tinner's acid (for mKinR soldering fluid) 

Hand and toilet bowl cleaners 
Sink cleaners 
Weed killers 
Sulphuric acid: 

Acid for refilling fire e'ttinguc'hcrs 
ElectroMe for lead storage batteries 
Metal cleaners 

Toilet bowl cleaners (acid sodium sulphate) 

Nitric acid: 

Metal clcauers 
For wart removal 
Phenol (Carbolic acid); 

Carbohe disinfectant soaps 
Coal-tar disinfectants ana dipa 
Carbolatcd petrolatum and oils 
Toothache remedies and other denial ptepaiatirvps 
Oxalic aud and its salts: 

Metal and wood polishes 
Straw hat cleaners 

Photographic materials (blue print and platinotype products) 
removers 
Rust remover 
Bleaching preparations 
Soluble laundry blue 
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Poisons Found in Insecticides, Rodenticides and Fireworks. 

(Conttnuerf.) 

Caustic Poisons: — 

Acetic acid : 

Ink eradicators 
Photographic liardenen 
Shoe polishes 
Metal polishes 
Wart removers 

Potassium and sodium hydroxide: 

Potash or Ij’e 

Paint and varnish removers 
' Washing and cleaning preparations 
Dehorning preparations 
Sink and drainpipe cleaners 
Electrolyte for Edison storage batteries 
Manicuring preparations 
Silver nitrate (lunar caustic): 

Wart removers 
Hair dyes 

Silver polishing and plating compounds 
Intensificrs for photograpiuc work 
Indelible marking inks 
Ammonia: 

Ammonia water 
Household smmonh 
Cleaning compounds 
Hartshorn liniments 
Hair-waviug solutions 

Poisonous Plants.— There are a number of plants whose seeds, 
leaves or flowers possess to.xlc properties and which are occasionally 
eaten through accident. Children especially are prone to eat these 
attractive articles. 

Many varieties of the common crow-foot (gen. Ranunculus) 
have succulent leaves which contain an irritating juice which when 
eaten produces pain and spasm in the esophagus and severe abdom- 
inal cramps. As little as 2 drops of the expressed j’uice may produce 
poisoning and one flower will produce the same effect. 

The flower of Anemone pulsatilla causes vomiting. 

Marsh marigold (CaUka palustris) contains a highly irritating 
acrid poison. Five members of a family reported to have eaten mari- 
gold by accident suffered general intoxication with abdominal pain, 
ringing in the ears, headache, diarrhea and generalized edema. 

Dflphininm staphysagria produces local inflammatory lesions in 
the stomach and in experimental animals (dog) has caused fatal 
poisoning with general paralysis and con\’ulsions. 

Elaterium, one of the cucurhitacea, contains an active principle, 
elaterin, which in amounts as small as one-tenth grain may cause 
purging, 

Tlie bean of Ricinus communis (castor-oil bean) is highly toxic. 
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three sec'ds having provcfl fntnl to on adult. TIic uctivc principle, 
ricin, i$ n true pliytotoxin, in that it act.s as an antigen and causes 
the proihiotion of antibodies. Almost all varieties of ricinus seeds 
yield hoino-agglutinins. Ih’cin causes agglutination of the erythro- 
cytes, local cellular tlcstruction awl hemolysis.' The ingestion of 
castor-oil beans produces vomiting, purging, abdominal pain and 
prostration. 

Daphne inezercon berries arc beautiful and attractive to children 
hut arc very p*)isonotis. The Lark of the plant (ontains the active 
principle (daphnlne) in greater amounts. It causes alMlominal 
cramps, bloody \omiting and diarrhea, nhich, if not fatal, may 
persist for several weeks. 

DafTotlils (Naremuii pmidonarchtii*) are mildly irritating to tlic 
stomach and intestines. 

The spotted hemlock {Cmium mamlabm) resembles parsley 
and has been used by mistake for this garnish. It produces dryness 
and tightness of the throat, prostration, dilation of the pupils, con- 
vulsions, delirium and coma. 

I.nhurnum (Cptivu laburnum), and pri\’et {hagvstrum vulgarc) 
nre common ornamental bushes, the leaves of which may be eon- 
smned by children. They both possess irritant principles which may 
show narcotic efTccts even in small amounts. 

Hibiscus iUihiimtu) flowers are |)owerfuI gastric irritants and 
general depressants. 

I’nissic or hyilrocyanic acid may be fornsed from mnygdalin or 
its compounds in the presence of water, from the following plant 
products:' bitter almoml see<ls (Amygdala amara)\ cherry laurel 
(Pninus lauToceTaaus); plum kernels (Prunva domeatieua); bark, 
leas c.s and flowers of the wlhl Service tree (Priimia padiia); the bark 
of wild cherry (Pninj/s tiTginimin); flowers and kernels of Pranas 
auatparia; S. hybrida and 5. tor/nmofi>; young twigs of Cratcegva 
nxyacaniha, leaves, and flowers of shrubby Spinecre such as Spiraa 
arunaia, S. aorbifolia, and 5. japonica; the roots of the sweet and 
bitter cassa' a. Peacli kernel contains 2.85 per cent amj-gdalin and 
apple pips O.G per cent. 

The ]ea\e3 of Aconilum napellua resemble salad and the roots 
simulate horseradish to the extent that they have been eaten by 
mistake for these vegetables. The poisonous effects are due to tlie 
powerful alkaloid aconitine. Aconite, or monk’s-hood, is frequently 
growm in flower gardens because of its attractive hood-like flowers. 
Seeding of tlie plant among nearby %egetables makes it readily 
possible for the early plant to be mistaken for an edible food. 

Aconitine produces numbness and tingling in the mouth. It is a 

■ Wells, n G Chemical Fatbolofiy, Philadelphia. W. B Saunders Company, 
10>5 , 

’ Emorgon.B L I/pgal MedicmeaodTcMtieoIocy, New York, D .\ppleton« Co.. 

p. 315. 1909 
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powerful depressant of the perceptive centers of the brain, sensory 
side of the spinal cord and peripheral ends of the spinal nerves. It 
is also a vagus center stinnilant and Iieart-muscle sedative. In 
large doses it depresses the vasomotor center. The combined action 
results in fall in blood-pressure and slowed pulse-rate. Respiration 
becomes slow and shallow. Death results from cardiac arrest in 
diastole. 

Calabar bean, the fruit of Physosligma tcncnosum, has caused 
accidental poisoning in children. The principal alkaloid of this 
bean, physostigmine or eserine, produces weakness of muscles with 
involuntary twitching, diarrhea and vomiting, respiratory embar- 
rassment, and excitation of the central nervous sj'stem with ultimate 
exhaustion. Death of a boy has been reported from the ingestion 
of six beans. 

The common horse-chestnuts, /Esaihis Iiippocasfanum and A. 
pada contain a glucoside, .■escuUn winch is a bitter and astringent 
carminative. In the United States deaths with convulsions in 
children are reported from eating the nuts of this ornamental tree. 

Holly berries (Ilex aqulfolhoH) possess irritating and narcotic 
properties even in small amounts. 

IleUeboriu niger (the Christman rose), II. viridie, and 11. fcstidns 
are all poisonous, due to the action of the glucosides hellcborin and 
helleborein. These substances arc more abundant in the roots, and 
it is from decoctions of these that deaths have occurred. Poisoning 
resembles that of digitalis and death occurs from its action on the 
heart. 

The leaves of oleander also contain a digitalis-like poison from 
whicli deaths have been reported. One at least of the active sub- 
stances has been named neriin from the generic name of Nerium 
oleander. 

Fool’s parsley or ^thisa cynaputm is a plant much resembling 
parsley and has been mistaken for it with poisonous results. The 
leaves however are black on the under surfaces and when bruised 
emit a nauseous smell. It produces nausea, vomiting and gastro- 
intestinal irritation. 

Colchicim auinmnale or meadow' saffron grow’s wdld and causes 
many deaths among cattle. Tlie entire plant is poisonous but acci- 
dental poisonings are more common from consumption of the seeds 
or corms by children. 

The harmful active ingredient is the alkaloid colchicine. Inges- 
tion of the seeds (and also other parts of the plant and preparations 
made from them) produce burning pain in the stomach, vomiting, 
diarrhea and bloody stools if the dosage has been high. Death 
may occur w'ith convulsions, stupor, a soft thready pulse, subnormal 
temperature and collapse. 

The poisonous thorn apple is Datura stramonmm. Although the 
dangerous alkaloid hyoscyamin is present in all parts of the plant 
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it is from the seeds witlihj the prickly fniit that poisoning mostly 
occurs. It is usually accidentally acquired by children. 

Hyoscyainiii is a strong cerebral depressant and in poisonous 
doses produces deep .sleep or coma. On the heart it causes accelera- 
tion by paralysis of the inhibitory* terminations. Delirium results 
from Jieavy dosage. Death is not common but is more likely to 
occur in children and (wblc persons. 

DEFENSE AGAINST ACODENTALLY INGESTED POISONS. 

Over three-fifths of the accidental poisonings in children occur 
during the runabout years. At that time they are about and into 
every thing within reach and have not yet attained an age when they 
can rcasoiunbly be instructed with niudi assurance of being obeyctl. 
Their propensity for satisfying their curiosity by taste adds to the 
harard of leaving iioisonmis substances within their reach. Medi- 
cines should always be kept a high shelf or in a lock closet which 
should be kept locked. Tlie poisonous household supplies should 
also be kept in places inaccessible to children. 

Outstanding among the medicines attractive to children arc the 
highly coIore<l laxative tablets containing .strychnine. A child 
may readily' scoop up a handful of the.se and obtain a fatally poison- 
ous dose of strychnine. 

Although the proper laMing of poison-containing articles is 
and should be required by law the main defense within this category 
is against carelessne.ss on the part of adults. No amount of poison 
labels can be effective against the ignorant use of .substances taken 
in the dark or left within the reach of children. A sop lias been 
given to carelessness by placing highly poisonous medicines in oddly 
shaped hottlea which can he ulentified by touch in the dark or by 
hanging little bells around the bottle neck to give a warning tinkle 
when it is picked up. 

Physicians can ai<I hy prescribing smaller amounts of poisonous 
drugs so that there will be little or none left after the requisite 
number of doses have been taken am! by relying on refills for con- 
tinuwl treatment. They can also be an important educational 
factor ill the homes of patients by calling their attention to harmful 
practice.s coming under their oliservation. I’robabiy also, many 
oI<l time remedies need not be prescrilietl at nil. 

It is almost too obvious to say* that small children should be 
taught not to eat leaves and flowers of plants and yet ns sliowai above, 
the number of accidental poisonings from this source is not incon- 
siderable. Children can be taught not to do certain things and the 
faulty habit of putting everything in the mouth is^ one of them. 
Intelligent training, even in the y'oung child, is the logical prevention 
in this instance. Adults too can be told of the dangers inherent in 
certain plants and plant products. 
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POISONS ACQUIRED BY INGESTION (Concluded). 

SUICIDAL AKD HOMICIDAL POISONS. 

ALTiiouan the individual with suicidal or homicidal intent may 
not find it easy to obtain his poison of choice, or the uninformed 
may not get a rapidly fatal type or amount of the poison which he 
wants, there are always many death-protlucing poisons available in 
the open market. They are sold as medicines or therapeutic agents 
of some kind or are common articles in the trades, l^ew of them 
have restrictions on their sale which are effective enough to prevent 
anyone from bu\*ing them in sufficient quantities to cause death. 
Where an agent may sell only a limited supply to any one individual 
there is seldom anything to prevent the purchaser from going to 
more than one salesman. 

The poisons leading the list for both homicide and suicide are 
arsenic and opium, each of which is responsible for approximately 
one*third of the deaths. Suicides commonly employ next in order, 
bichloride of mercury, carbolic acid, prussic acid and the cyanids, 
chloral hydrate, strychnine, aconite, physostigmine, chloroform 
and wood alcohol (methanol). 

Homicides prefer prussic acid and the cyanids, muriatic add, 
strychnine, chloral hjdrate, oil of cedar and wood alcohol. 

Other less common agents are phosphorus (generally obtained 
by soaking off match-heads), soldering salts, barbiturates, oxalic 
acid, iodine, ammonia water, turpentine, carbolic acid, oil of mus- 
tard, hemlock, creosote, kerosene and shellac. 

Tliere were 3320 suicides in the United States in 1932 “by the 
use of solid or liquid poisons or by absorption of corrosive sub- 
stances” as against 1927 homicides (largely poisonings) “by means 
other than firearms and cutting or piercing instruments.”* 

Although the means of suicide rarj' in different communities 
and at different times, death from iiigcsterJ poisons average about 
2 j per cent of the total. 

Aside from the individual and social factors underlying suicide 
and homicide the most important point for consideration is the 
availability of poisonous materials. With the ndde range of choice 
as indicated in the above list it is evident that the first three or four 
must be relatively easy to get hold of in poisonous amounts. It 

* International List of Causes of Death, No«. 103 and 175. 

(235) 
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becomes ncce&sary therefore to review briefly the oj)eii sources from 
which each poison is obtainable. 

Arsenic. —Jlealgnr (Ah:S/) is tlie rc<I suljjlude of arsenic, and 
orpiment (As^^a) the yellow amorphous trisulphide. The latter 
is used in low grade shellacs and in combination with quicklime 
as a depilatory by tanners. 

Arsenic iodide (Asia) is a keratol.v'tic used in the treatment of 
skin diseases and witli the ioilide of mercury in nqiicoiis .solution 
forms Liquor arseni et Iiydrargyri iodidi or Donovan’s solution. 

The arseniatc of iron (Fej/\ssOi) is a medicinal tonic. 

Arsenate of lead (rba(AsO<)j) is an insecticide. 

Scliccle’s green (CuIIAsOj), liydroeupric arsenite is widely' em» 
ployed in the form of a spray in gartlens and orchards and as a 
pigment in wall paper and artificial flowers. 

Paris green (CuAssOd* Cu(C*II,Oi)s, neetoarsenite of copper, 
is used to form a surface film on water in mosquito control. 

Veterinary worm balU contain 1.3 per cent of iirsenious acid, 
veterinary tonics 5 to 10 grains per dose. 

Hat poison has 5 per cent nrsenious aci<l and fly-water variable 
amounts of the same in a treacle or honey mixture. FJy»paper is 
an absorbent paper impregnated with arsenious acid. 

Arsenical sheep dips contain about I per cent arsenious acid and 
arsenical soaps for preserving pelts ns high as 20 per cent. 

Many fireworks have from 2 to 6 parts of realgar, metallic arsenic 
or arsenious acid. 

Arsenic trio.xide (AsjOi), arsenious acid, white arsenic, or arsenious 
anhydride is tlic form of arsenic most commonly cmploj ed in the arts 
and medicine. IVhen arsenic is spoken of generally in the trades it 
is tins form wdiich is meant. It is marketed in amorphous cakes, in 
vitreous form, or as crystals. All forms are sparingly soluble in 
water. Taylor makes the general statement that 1 ounce of cold 
water dissolves 0.5 to 1 grain of arsenious acid. 

The medicinal preparations of arsenic, either as official drugs 
or compound pre.scriptions, contain small amounts of arsenic 
trioxide or one of the other salts of arsenic. Fowler’s solution 
(Liquor pota.ssiI arsenitis), PeaRon’s solution (Liquor sodii arsenitis 
N.F.), and Donovan’s solution (Liquor arseni et h^’drargyri iodidi) 
are all made up to the single dose of I to 5 minims (O.OG to 0.30 
gram), while the solid forms as arseni trioxidum, arseni iodidum 
and sodii arsenas (D. P.) are given in single doses of yV 
(O.OOG to O.OOOG gram). 

Although there are legal restrictions on the indiscriminate sale 
of arsenical preparations in tlie retail trade any one can purcha'<e 
'•iveral pounds of white arsenic in the wholesale market. Rirmers, 
urserymen, hostlers and other traders can purchase orpiment or 
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arsenious acid for the purpose of making up sprays or veterinary 
medicines without restraint. 

Druggists on the other hand cannot sell even small amounts with- 
out complying with regulations which require the keeping of a record 
of the name and address of the purchaser, the amount sold, and the 
alleged purposes for which it ^vas bought. Most retail druggists 
will dispense arscnicals only on physician’s prescriptions. 

Arsenic is incorporated in various pastes, washes, fillers and pig- 
ments used in wall paper, wall paints and washes, wood preserva- 
tives and distempers. Its main purpose in these is as a deterrant 
to cock-roaches, tewnites, nood-borers and other destructi^'e insects, 
and moulds. 

Since many of tliese commercial preparations are av'ailable at 
supply houses an opening is left for the purchase of arsenic in one 
form or another by any one desiring it for suicidal or homicidal 
purposes. It is also readily available bj removing it froni any of the 
articles containing it such as matches, fly-water, fly-paper and wall- 
paper or pastes. 

A poisonous dose of arsenic is generally considered as any amount 
over I grain, a dangerous dose as 3 grains. The lethal dose is far 
from absolute. Deaths have been reported from as little as 2| 
grains. 

Arsenic trioxide is tasteless and in small amounts has very little 
odor. It can readily be incorporated in powders, pastries and colored 
beverages without fear of detection except by chemical tests. Homi- 
cides have resorted to its use for slow poisoning in almost every 
common table food. 

Attempts at suicide are frequently frustrated because of the vomit- 
ing induced by the relatively large amounts of irritating solutions 
which must be taken in order to get a letlial dose of the arsenic. 
It would take 300 or more cc. (10 ounces) of a liquid containing 1 
per cent of arsenic trioxide to make siire that a dangerous amount 
was taken even if all of it was retained. 

The rate and amount of absorption of arsenic is very irregular 
depending on the amount of food present, the solubility of the form 
of arsenic used and the amount eliminated by vomiting and diarrhea. 

Under the most favorable conditions arsenic is absorbed very 
rapidly and enters the general circulation at once. It has a depres- 
sant effect on the heart and vasomotor mechanisms so that the 
blood-pressure falls and the pulse becomes weak and thready. 
Collapse may occur as a result of this depression possibly because 
the vessels of the abdominal viscera dilate as in shock and contain 
an abnormal amount of the total blood supply. Following lethal 
doses circulatory depression continues, the patient becomes e.x- 
hausted from the profound metabolic changes and the constant 
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piirKiiiR, tlie kidneys t>lio\v a toxic ncpiiritis severe enougli in sonic 
cases to produce suppression of the urine, and death occurs in coma. 

Smaller doses mid eases of chronic poisoning exhibit any of tlic 
above symptoms in milder degree and show further evidences of 
damage to otiier btnicturt‘3. Tlie skin becomes pale and pasty and 
frequently develops an cc'zcmatokl condition or breaks out in a 
papulopustular ncnciforin eruption, nicrc is a strong tendency to 
upptT respiratory catarrhal symptoms and irritation of the con- 
junctiva with a psemlo-jaundkc discoloration of the eyes. Neuro- 
logic sjmptoms vary from n widespread neuritis with sensory or 
motor changes, or ijoth, to muscular twitchings and spasm or 
generalized convulsions. 

Arstmie is eliminated slowly through the kidneys but also by way 
of all other secretions. It may tn.ake its appearance in the stomach 
and intestines by passage through the iNnlls of these organs long 
after the original dose has disapjicared from within them. 

Some arsenic is rctainwl (or long perioih in the liver, muscles ami 
hones from which it is grailually lost In cases which recover, 

Hydrocyanic Acid and the Cyanida.— 'llic chemical description and 
toxicology of these substances have been considered under roUona 
Aetjuired by Inlinlation, page 1.10. 

Pure concentrated liquid liydrocj'nnlc acid (Prussic acid) is one 
of the most highly poisonous substances known. This, in the popu- 
lar sense means extremely rapid poisoning with death from very 
binull amounts of the poison. Hydrocyanic acid in this form is kept 
only in laboratories and is therefore hardly available to the public 
except by theft. 

Dilutions of the acid arc sold by pharmacists in solutions of 5 
per cent or less. Official acidum hydrocyanicum dilutiun is 2 per 
cent. Shcel's acid is 4 to 5 per cent HCN. Druggists in this country 
are jicrmittcd by law to sell hydrocyanic acid in retail amounts 
provided they keep a record of the s.ile, but they generally dispense 
it only on prescription. 

Potassium and sodium cy’anid are common articles of commerce. 
Tiicy arc used by engravers, gilders of siher and other metals, dye 
makers (Berlin blue and black alk dye), photographers, and miners 
wlio employ tlic cyanid methwl of ore e.xtraction. The single salts 
of sodium, potassium, silver, gold and mercury arc all poisonous. 
Tlie double salts such as ferroc^-anid of potassium are non-toxic. 

Because of the widespread use of these cyanids in the trades 
there is no restriction on their sale in wholesale quantities. 

Oil of bitter almonds contains about 10 per cent anliydrous prussic 
acid. Enough hydrocyanic acid can readily' be obtained by the dis- 
tillation of cherry’ laurel water to form a fatally poisonous drink. 

Just as bitter almonds, wild cherry pits and peach kernels can 
cause death by accidental poisoning, so these same substances can 
be taken with suicidal intent. 
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Hydrocyanic acid content of HCN-bearing plant products:* 

1 gram of bitter almond pulp = 2.5 mg., anhydrous HCN. 

1 gram cherry stones = 1.7 mg. anhydrous HCN. 

Service-tree bark = 0.02 per cent HCN. 

Cherry laurel leaves = 0.39 per cent HCN. 

Cassava root = 0.01G8 per cent HCN. 

Bitter cassava root = 0.0275 per cent IICN. 

Peach kernel = 0.17 per cent HCN. 

Plum stones = 0.056 per cent IICN. 

Apple pips = 0.035 per cent IICN. 

Prussic acid and its derivatives Is the fav'oritc medium for suicide 
by professional photographers, chemists and physicians. Its use 
by others has increased through the publicity given to this medium. 

The accepted minimal lethal dose Cfftylor) of commercial prussic 
acid is an amount equivalent to 0.065 gram (1 grain) of anhydrous 
acid; that of potassium cyanid 0.157 gram (2.4 grains). 

Emerson* states that this same amount, on the average, would 
be obtaine<l from 80 bitter altnomds. 

Opium and Its Derivatives.— For the poisonous effects of opium 
see Poisons Acquired bj’ Inhalation: Opium page 171. Raw opium 
is so seldom seen in Western markets that it is hardly to be con- 
sidered as a medium for suicide or homicide in occidental countries. 

Its preparations however stand at the top of the list of substances 
used with intent to kill. 

The following list of medicinal preparations and their opium or 
morphine content is compiled from Emerson's monograph on poisons: 
Powdered opium = 10 per cent anhydrous morphine. 

Tincture of opium (Laudanum) = 1 per cent morphine. 

Tinctura opii camphorata (Par^oric) = 5 mg. of morphine in 10 cc. 
Compound powder of opium (B. P.) = 10 per cent opium. 

Pill of lead and opium = 12 per cent opium. 

Compound powder of kino = 5 per cent opium. 

Aromatic powder of chalk and opium = 2.5 per cent opium. 
Ipecac and opium ponder (Dover’s iwnder) = 10 per cent opium. 
Dry extract of opium = 20 per cent morphine. 

Liquid e.vtract of opium = 0.75 per cent morphine. 

Liniment of opium = 0.5 per cent morphine. 

Compound soap-pill = 20 per cent opium. 

Ipecac and morphine lozenges = 2 mg. morphine hydrochloride 
in each. 

Morphine suppositories = 17 mg. morphine hydrochloride in each. 
Solutions of morphine acetate and hydrochlorate. 

1 part by weight of each in 100 parts by measure. 

* Blythe. A , and Wand, M. W.. Poibodb: Th«r Effects and Detection, London, 
C. Griffin & Co., Ltd . 1920. 

• Emerson, R. L.: Legal Medicine and Tozicolt^, New York, D. Appleton & Co , 
1900. 
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Solution of morpliine tartrate - 1 part V)y weight in 100 parts by 
measure. 

Gwlfrcy’s cordial = grains of opium to cacJi flnidouncc. 

Giiirod’s spasm rcine<ly = 1 grain of morpliine liydrocliloridc in 
eacli C ounces. 

Nepcntlie = I per cent nieconatc of morphine. 

Hlack drop (ncetnm opii) »= 4 per cent morphine. * 

Powell's haliam of .aniseed “ grain morphine in each ounce. 

Dalhy’s carminative = 5 drops of laudanum in each 2 fluidounecs. 

Chlorodyne = 8 grains morphine hydrochloride in 10 drams. 

Pantopium hydrocliloridc (Pantopon) is a preparation of the 
combined alkaloids of opium. Dose, i to J grain. 

The open sale of opiates is, in most countries, regulated by license 
and strict laws governing the amount which can be stocked and dis- 
pensed by tlealers. Willi a few exceptions (paregoric in U. S.) they 
can only be sold on physician’s prescriptions, 'Tlie phj'sician also 
is required to possess a special narcotic license. Both prescribers 
and dealers must keep a recorrl of the amounts ordered and to whom 
sold. Allowanc'c.s and exemptions are made svhich permit the sale 
without prescription of preparatiom containing not more than 
stated small amounts of opium or morphine. 

The sale of opiates by manufacturing and wholesale druggists 
and chemists is likcwi«o rcgulatwl by license and they may sell only 
to stipulated professional or commercial Institutions or individuals. 

Such regulations largely preclude the possibility of obtaining 
opiates through legitimate channels in J.srge enough amounts for 
suicide or horatckle. They leave the would-be suicides and horni- 
cide.s the necessity of accumulating sulBdcnt quantities of the drug 
legitimately over a period of time, or resort to theft and subterfuge. 
In rural homes it is not uncommon to find relatively large amounts 
of laudanum, paregoric, opiuui pills and soothing syrups W’hich have 
been so accumulated or bought in large amounts for veterinary 
purposes. The remoteness of these areas from immediate medical 
aid is the excuse given for keeping large quantities on liand. 

In urban eommunities there are always illegitimate sources of 
narcotics for those who will seek them out. 

The amount of oj)ium or morphine whicJi may prove fatal in a 
single dose varies with the age of the individual, stage of digestion, 
and form in which it is taken. Children tolerate it poorly and death 
may result from the ingestion of as little as cmin. For adults 
anything over 4 grains (0.20 gram) of opium, 2 drams (8.0 cc.) of 
laudanum, or 3 grains (0.20 gram) of morpliine may cause death.^ 

Mercury. — Mercuric chloride lias long been used as a suicidal 
and homicidal poison. It is a common ingredient of antiseptic 
tablets and powders and ns such is one of the most available of all 
of the metallic poisons. Its common commercial n.ame is corrosh’e 
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sublimate and in medicine it is known most generally as bichloride 
of mercurj' (HydrargjTi chloridum corrosivura U. S. P., Hydrargj'ri 
perchloridum, B. P.) “Bichloride poisoning” always means mercury. 

In the markets, bichloride of mercury is sold in transparent, 
colorless masses or the powder made from them. It is soluble in 
16 parts of cold and 3 parts of boiling water. The routine dilution 
for antiseptic uses is 1 to 1000 and it may be purchased in this form 
or as tablets containing 0.5 gram (8.0 grains) each of the salt, one 
of which when added to 500 cc. (1 pint) of water forms this dilution. 
Most of the suicides employ these concentrated tablets or a solution 
of them. (Bichloride of mercuiy tablets for surgical use are official 
as Toxitabellse hydrargjTi chloridi corrosivi, U. S. P.). Alkalies 
and sodium chloride enhance its solubility. It is soluble in 3 parts of 
alcohol. 

Metallic raercurj’ in the finely dindetl state is used in the blue 
pill (Pilula hydrargjri), liniment of mercury (Linimentum hydrar- 
gyri) and mercury and chalk powder (Pnivis hydrargyrum cum 
cretffi). Each of these may be taken internally ns poisons. The 
blue pill and chalk powder each contain 33 per cent and the liniment 
9 per cent of mercury. 

Cyanid of mercury produces poisoning through the action of the 
mercury radicle and not the cyanid. Calomel or mild mercurous 
chloride (Iljdrargyri chloridum mite) has wide popularity as a 
purge and is given in doses ranging from one to 20 grains. 

There is no advantage in the larger doses because only a small 
part of it is absorbable by being changed to the gray oxide and the 
remainder is excess waste. Large doses in children may produce 
toxic effects through this absorbable quantum of the dose. The 
mild chloride may be converted into the corrosive chloride. 

The iotlides of mercury are toxic in large doses but seldom re- 
sorted to for criminal use. 

Due to the almost unlimitetl use of the double chloride of mercury 
as the salt of choice in deliberate mercurial poisoning the folIo\%’ing 
discussion will apply to it. 

Mercury ingested in toxic amounts exerts its first effect as a c-orro- 
sive coagulant of the mucous membranes. If left for any time in 
concentrated (arm In contact with iiiing imlcoia it enters into com- 
bination with the proteins and forms albuminate of mercury. Local 
death of the affected tissue is evidenced by the necrotic eschar on the 
lips and in the mouth of a patient who has taken a concentrated 
solution of bichlori<le. This corrosive effect continues as far down 
the alimentary tract as the amount and concentration of the poison 
permits it to act before dilution or combination with albuminoids 
renders it innocuous. 

The corrosive effect is itself serious by interfering with swallowing 
and therefore nutrition. Subsequent scarring and constriction may 
16 
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result in n person who lias not othm\ivc siifTered greatly from ab- 
sorption of mercury. 

For the general effects of mercury and the symptoms of cliroiile 
poisoning tlie render is referred to the section on Poisons Acquired 
by Inhalation; Mercurj’, page 155. 

The lethal dose of bicliloridc of mercury is generally plact“d at 
W to 5 grains (0.2 to 0.3 gram) but many other factors must be 
considered such ns concentration, loc-al corrosive effects and solu- 
bility of the preparation. A single antiseptic tablet in a glass of 
water may produce death if it is not lost by vomiting or overcome 
by treatment. 

Tlie bidiloridc of mercury and other salts of this metal can be 
ndministerctl in smaller doses over a period of time and tlms pro- 
duce a serious or fatal subacute or clironic form of poisoning. The 
crude powders and .solutions have a disagreeable metallic taste 
making them diflicuU to disguise in foods or beverages. The gastro- 
intestinal ajnnptoms in these eases U not dne to the primary corro- 
sive effect of the drug but to its continued elimination througli the 
walls of the alimentary tract and in the saliva. Salivation, mercurial 
stomatitLs and tremors arc the outstanding clues on which mercury 
poisoning may ho suspicioneil. 

Phosphonis.— In the <lays of the old "strike-anywhere’' matches, 
phosphorus was the poor man's poison. I’hosphoriis tipped matches 
were ns’ailablo anjwbere and it was a simple i)roccs3 to soak off 
the heads and make a poisonous concoction of them. The average 
content of a match head was about 75 per cent yellow phosphorus. 
One hundred English match heads yielded an average of 32 mg. of 
phosphorus. Phosphorus scsqui-sulphldc and red amorphous phos- 
phorus have replaced yellow phosphorus almost completely in 
modern matdies and greatly reduced the possibilities of poisoning 
from this source. 

Vermin pastes containing phosphorus are still in use. They are 
made up of phospliorus, I to 2 per cent in combination with flour 
and .sugar and some binding oil or butter. The only official medicinal 
preparations of phosphorus arc Pil«l« phosphor!, dose irV 

grain (0.0000 to 0.0012 gram) of phosphorus; Oleum phosphora- 
tum, dose 1 to 5 minims (0.05 to 0.3 gram); Spiritus phospliori, 
dose 1 to 5 minims (0.05 to 0.03 gram); Elixir phospliori, dose 16 
mfnims to 1 dram (1 to 4 grams). The dose of gram ol pnos- 
phoriis is a dangerous maximum thera|wutic limit. 

The lethal dose of phosphorus as judged by the amounts allegedly 
consumed by fatal cases probably averages around 1 to 2 grains 
(O.OG to 0.12 gram). Emerson states that the ends of two phos- 
phorus matches have proven fatal to children. 

Phosphorus acts as a cellular poison, producing an irreversible 
degeneration in the cells of many organs, especially the liver. Its 
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effect oil tills latter organ gives all of tlic clinical picture of acute 
yellow atrophy of the liver. 

The local gastro-intestinal symptoms may set in within one-half 
to one hour after the ingestion of phosphorus or as late as eight to 
twelve hours after. Tlie abdominal pain shows no peculiar cliar- 
•acteristie. There may be vomiting and diarrhea, each sliowing a 
tendency to become bloody. Constipation is common after the 
subsidence of the original irritative effect. This may initiate a period 
of calm whicli is liable to be misinterpreted as improvement i\hereas 
the destruction in the parenchymatous organs continues. 

In severe poisoning the patient maj' succumb before the onset 
of the more typical manifestations such as jaundice and clay- 
colored stools. The urine shows sarcolactic acid, due to the damage 
to muscle cells. 

Death results from the uidespread degeneration of such important 
structures as liver parenchyma, renal tubules, gastro-intestinal 
mucosa, pancreas cells an<l muscles. It may occur anywhere from 
the second to the eighth day in acute poisoning. 

In chronic poisoning there is frequently involvement of bone. 
This Is describe more particularly in the section on Poisons Acquired 
by Inhalation: Phosphorus, page ICl. 

Stryclmine.— The most readily available compounds containing 
this powerful alkaloid are common drugs found in the medicine 
cabinets of most homes. They are the familiar n>ix vomica tonics 
and some of the laxative pills. They can be purchased at any 
pharmacists in reasonable amounts and an> one desiring to accumu- 
late sufficient of them for suicidal reasons is presented with no 
obstacle against his doing so. In these forms however, strychnine 
could hardly be administered in sufficient amounts for homicidal 
purposes. 

Strychnine is an alkaloid obtained from the seeds and bark of a 
flowering plant, Sirychnos nux romica or Strychnon iqnalii. The 
seeds may be purchased in the market as well as n powder made 
from them which resembles licorice. 

All preparations of strychnine are exceedingly bitter and it has 
been argued that the taste precludes their use for homicide. Incor- 
poration in bitter foods and drinks disguises the taste sufficiently 
for a victim to take poisonous amounts before becoming aware of it. 

Powdered strj’chnine is generally strychnine sulphate but may be 
the nitrate or hydrochloride. They are equally toxic and are 
administered therapeutically in doses of to grain (0.001 to 
0.003 gram). 

Official pharmacopmal preparations are Extract of nux vomica, 
Fluidextract of nux vomica, and Tincture of nux vomica. As has 
been stated above strychnine or nux vomica is a constituent of 
many proprietary and patent medidnes used as general tonics. 
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stomachics and laxatives. The amount of strychnine is small in 
each recommended dose so tliat large amounts of tlio preparations 
would have to be taken to produce fatal results. This is not beyond 
possibility however. 

The lethal dose of strychnine alkaloid for an adult probably 
ranges from 1.2 to 2 grains (0.03 to 0.X2 gram). A relatively smaller 
amount is required in the case of children. 

Because powdered nux vomica is now rarely employed for any 
purpose and the poisonings from it leave great doubt as to the 
amount which was used it is diflictilt to estimate its lethal dose. 
Three to 30 grains are the ranges in reliably observed fatal cases. 

Strychnine powders are used by veterinarians and fanners to 
kill suffering and undesirable animals. It was formerly in vogue in 
rat pastes but tins has been legislated out of existence as a commer- 
cial practice. 

Strychnine in moderate doses stimulates the motor tract of the 
spinal cord and the nerve trunks and in poisonous doses depresses 
the motor nerve plates in the muscles. 

The onset of s^nuptoms after Ingestion of strychnine are rarely 
delayed beyond one hour but may not occur until two or six hours 
later. The first evidences of poisoning may occur with explosive 
effects in an Individual who was feeling perfectly well. The onset 
in such cases is a sudden convulsive stiffening of the body which 
takes place with sucli force ns to throw the victim to the floor. More 
commonly there is antecedent stiffness of the neck or back muscles 
and the generalized opasm does not take place until the patient 
has complained and lain dorni. 

The whole picture of strychnine poisoning is one of extreme irri- 
tability of the motor ners'c mechanism so that it responds to the 
slightest stimuli. This effect continues until gradual exhaustion 
terminates in death. 

A dangerous and possiblj fatal single adult dose of strychnine 
woukl be acquired by taking the various preparations of strychnine 
in the amounts sliowii in the following table: 

Strychnine sulphate, nitrate, valerate or hydrocliloride tablets 
grains -jV each, 24 tablets. 

Extract of Nux S^omiea, 15 grains (1 gram). 

Tincture of Nux Vomica, 1 3 ounces (4f) grams). 

Fluidcxtract of Nux Vomica, 50 minims (3.3 grams). 

Elixir of Phosphorus and Nux Vomica, 20 ounces. 

Aloin, Belladonna and Strychnine Pilk, ICO pills. 

AJophen pills, 100 pills. 

Chloral and the Barbiturates.— Witli increasing knowledge of their 
deep hypnotic effects and the danger of overdoses it is not unrea- 
sonable tliat these drugs should be resorted to as an easy form of 
death. The number of tablets or pills required precludes to a great 
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extent the possibility of their use for murder and leaves them largely 
for suicidal purposes. 

The lethal amounts, aside from any question of idiosyncrasy, 
vary widely in this group. 

The average dangerous doses are: 

Chloral hydrate, 30 to GO grams or 6 to 12 tablets. 

Sulphonal, 50 to 80 grains or 10 to 16 tablets. 

Barbital, 50 to 120 grains or 10 to 24 tablets. 

Phenobarbital (Luminal), 25 grains. 

For toxic effects see Drug Addiction, page 225. 

The Corrosive and Caustic Poisons: 

Sulphuric Acid (Oil of vitriol). 

Hydrochloric Acid (Muriatic ackl). 

Nitric Acid (Aqua fortis). 

Nitro-hydrochloric Acid (Aqua regia). 

Carbolic Acid (Phenol) and derivatives. 

Oxalic Acid (Acid of sugar). 

Acetic Acid (Acid of vinegar). 

Sodium Hydroxide (Caustic soda, lye). 

Potassium Iljdroxide (Caustic potash). 

Ammonia and ammontacal salts. 

Iodine. 

These substances are for the most part suicidal poisons selected 
by expediency rather than from choice. In some, such as carbolic 
acid, there is frequently some conscious selection because the user 
has heard or read of its successful use by someone else. Lack of 
knowledge of the agonizing pain and distress which they bring on 
seems to be the only reason why they should ever be taken through 
choice. The desperate suicide however will use anything which he 
knows to be effective for his purpose and only too frequently finds 
one of this group conveniently at hand. 

The members of this group possess the characteristic in common 
of being immediate necrotizing agents to living tissue. When they 
are brought in contact in concentrated form with the living cells 
of the upper alimentary tract they cause the death of these cells by 
actual disintegration or coagulation. The difference in the appear- 
ance of the necrosed areas produced by the different poisons is due 
to changes occurring in the agent itself or products of its reaction 
with the constituents of the cells {e. g., jellow xanthoprotein by 
nitric acid) or by the amount of carbonization, albumen coagula- 
tion, dissolution and solution of cells or changes in tissue and blood 
pigments. 

In some instances (carbolic acid) there may be little gross evi- 
dence of pathology but examination reveals the living cells to be 
completely fixed and devitalized. The erosion may reach to or 
through the mucosa and result in denudation of the epithelium and 
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in severe eases niaj' burn its way entirely tlirougli the walls of a 
hollow vKcus such as the stoiiiacli and cause perforation. Wliole 
casts of the esophagus Jiave been ^'otnited up after snlplmric acid 
burns. 

Swelling and edema of nearby tissues can result eitlier from direct 
contact with the corrosive which lias become diluted or by its 
fumes. The most rapul deaths take place in those instances where 
some of tlic material has gained entrance to the respiratorj’ tract.' 
Closure of the glottis by swelling or eileina of the lungs brings on 
rapid suffocation and death. 

In most ca^cs the contact of the material with the mouth and 
throat givcsexcTUcmtingpain and rnuscicspasm. The intense burning 
can be felt the length of the esophagus and in the stomach when the 
fluid readies that organ. Vomiting may he immediate or delayed 
and frc(}uently contains abreds of dead discolored membrane and 
often blood. Diarrhea occurs later ami the movements too become 
bloody. 

If death does not occur verj* soon from .sufloeation and shock it 
may be delajed several hours and result from side effects due to 
the massive destruction of tissue ami absorption of poison. When 
the genera! disturbance has not been severe enough to cause death 
a fatal outcome may result fmm interference with nutrition by 
destruction of essential mucous membranes and absorption of toric 
products. Sequela;, such as stenoses of the pharynv, esophagus, 
stomach, Iar.\Tix or trachea may bring about death weeks or months 
after the injury. 

Some of the corrosives and caustics produce special characteristic 
features by which poisoning by tlieni can be reeognizefl. These 
are indicated in the following consideration of the individual agents. 

Carbolic Acid.— This strong organic acid is found in crystaliiue 
form or in solution. The former is rare outside of pharmacies, 
lalmratorics and institutions where it is kept in bulk. From it arc 
made the weaker dilutions which ore so widely used for disinfection. 
Commercial preparations, such as l.'i'sol and cresol are common 
phenol-containing antiseptics used for disinfection of articles whieli 
have been contaminated by discharges. They are also medicinal 
antiseptics used as douches and washes. Lj’sol is a ini.xture of 
cresols with sodium hydroxide. The popularity of phenol prepara- 
tions makes them a common household article. This accounts in 
great part for their frequent use for suicide. 

The minimum lethal dose of solid carlxilic acid is generally 
accepted as about 15 grams (230 grains). A minute amount enter- 
ing the glottis however may cause immediate death. 

Carbolic acid solutions arc usimlly fatal in amounts over 1 ounce 
(30 fc.) but this too is arbitrary. 
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Tissues burned with carbolic acid are literally cooked and give 
a characteristic white opaque layer of necrotic material. The 
typical white eschar on the lips and in the mouth, combined with 
the familiar antiseptic odor of phenol should point clearly to the 
poison taken. 

Sulphuric Acid.— Oil of vitriol is one of the most common acids of 
commerce. It is employed in the manufacture of most other acids, 
in the production of glucose and in many other technical processes. 
On the market it exists as an almost colorless oily liquid 100 per 
cent pure acid or in cheaper grades of gradually darkening colors, 
through amber to dark red-brown. The dilute sulphuric acid of 
the pharmacopceia (Acidum sulphurieum dilutum) is 10 per cent 
strength. Sulphuric acid is also official as Acidum sulphurieum 
aromaticum in which it is combined with tincture of ginger and oil 
of cinnamon. 

Suicide is generally the result of drinking the strong or weaker 
forms of the commercial acid. 

Sulphuric acid is strongly escharotic and burns the tissues to an 
oily black carbonized mass. It is the corrosive mostly responsible 
for the severe de&tructi^'e burns nhich result in perforation of the 
stomach. 

Death may result immediately from inhalation of the acid or from 
shock. Delayed deaths result from altered nutrition or the absorp- 
tion of soluble sulphates and their effect upon the kidneys. Stenoses 
are common if recovery from the Immediate damage takes place. 
Cicatricial contraction of the orifices of Stenson’s ducts frequently 
follows the healing processes and causes obstruction to the flow of 
saliva from the parotid glands. 

No accurate statements can be made as to the lethal dose because 
of the many factors involved in its action. Sixty grains of the solid 
acid may cause death or as little as 2 drops of the concentrated liquid 
if it enters the glottis. If the stomach is empty and all of the material 
is swallowed, any amount over an ounce would very probably prove 
fatal. 

Nitric Acid.— The nitric acid of commerce is either pure and almost 
colorless or impure and of colors ranging from yeUow to recL Dyer’s 
acid is 58 per cent UNO* and engraver’s acid 70 per cent. Beside 
being used in these tno trades it enters into the manufacture of 
sulphuric acid, gun-cotton, nitroglycerin and picric acid. It is also 
employed in making felt lials. It is found in all chemical laboratories 
and is used frequentl.^' around the home and workshop for cleaning 
metals and soldering. 

It is official as Acidum nitricum and Acidum nitricum dilutum. 
The latter is 10 per cent strength. 

Nitric acid is somewhat less corrosive than sulphuric acid but 
nevertheless produces widespread necrosis when taken in concen- 
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truti’d form niid an intense iiinaminatory reaction wlien diluted. 
Devitalized tissue takes on a lemon jellow color wliich is character* 
istic of this poisoning. 

This acid frequently causes delayed death due to the profound 
disturbance prodtiml by its destruction of the gastric secretory 
tubules. Absorption of laj^’c amounts may cause serious damage 
to the renal epithelium through which it is eliminated. IJIood may 
appear in the urine. 

A fatal dose, excepting those instances in wliieli fleath results 
from Huffocation, must prol>ably excewi 2t!mms which is the smallest 
letlinl amount recorded. 

Hydrochloric Add.— Commercial muriatic acid or spirit of salt 
finds its greatest use in the manufacture of cblorine. In the trades 
it is a common metal cleaner and ingredient of soldering fluids. 
It is therefore ahvay.s available to any bu.^ cr and is on almost every 
work bench where mctalcraft is carried on. Acidiim liydrochlorieuni 
dilutum is 1(1 per cent strength. 

Tiio aetiori of hydrochloric acid is ahnosl identical in all particu- 
lars with that of nitric acid to which the reader is referred. The 
important e.\ccption is the color of the eseJmr whiclj in the case of 
hydrochloric acid is brown. 

The fatal dose, when taken without respiratory complications Is 
probabl.N \ ounce or more. 

Oxalic Acid.— This acid may be said to be the most common 
household poison used for suicide. It is a common ingredient of 
many clenn-^ing powders and stain removers. Ink eradicators and 
iron rust icmovcrs usually have oxalic achl as their important base. 

In the trades it lias much the same u^es but extended to a broader 
application, such as a metal cleaner, textile and straw bleacher 
and leather finisher. The bioxalate (Ilydropotassic oxalate, “essen- 
tial salt of lemon,” salts of sorrel) is used for the same purposes and 
possessses the same and almost equal toxic effects ns oxalic acid. 
(Because oxalate crystals are not readily distinguished on casual 
examination from magnesium sulpluite (Epsom salts) accidental 
poisoning from tliis mistake has been reporteti.) 

Almost all suicides from oxalic acid have resulted from swallowing 
it in crystalline form or concenlrated home-made solution. It 
produces an intense sour taste followed immediately by burning. 
Tills latter can be felt in tlie esophagus and stomach as tlie acid is 
swallowed. In most cases it produces almost immediate vomiting 
which soon turns brown or black due to altered blood. 

Death from a hea\y dose may occur in a very few' minutes due 
to shock and the corrosive effect. If it is delayed bej ond ten or 
twent.\’ minutes the absorbed oxalate produces marked suppression 
of tlie pulse, collapse, muscle cramps and twitching, convulsions, 
numbness and eventual cardiac failure and death. 
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Christison,* in his classical description says that “if a person imme- 
diately after swallowing a solution of a crystalline salt, uhicli tasted 
purely and strongly acid, is attacked with a burning in the throat, 
then with a burning in the stomach, vomiting, particularly of bloody 
matter, imperceptible pulse and mccessive languor and dies in one- 
half hour, or still more frequently in tw'enty, fifteen or ten minutes, 
I do not know any fallacy which can interfere with the conclusion 
that oxalic acid was the cause of death." 

Taylor records the smallest fatal dose ns GO grains but larger 
doses have been recovered from. One-Imlf ounce of the crystals 
will usually cause death. 

Sodium Hydroxide and Potassium Hydroxide.— The fixed alkalies 
are common accidental poisons but are rarely’ used for suicide. In 
the home and in the trades they are used in cleaning and scouring 
powders and as fat and oil cutters and renderers. Most of the drain 
pipe openers contain lye. Potassium hydroxide is also an ingredient 
of horn softeners and some manicure solutions. 

The caustic alkalies do not carbonize the tissues as do the corro- 
sive acids but produce a gelatinous coagulation and solution of the 
cellular tissues. This results m swelling, denudation and hemor- 
rhage. The swallowing of caustics is attended by an intense burning 
and vomiting, the latter usually black from altered blood. 

Death occurs from shock and severe alkalosis or may be delaj’ed 
for days or months from secondary stenosis and contractions. 

Ammonia.— Ammonia taken for suicidal purposes is generally 
taken as a drink of its aqueous solution or in the form of its common 
salt, ammonium carbonate. Liquid ammonia is ammonium hydrox- 
ide. The common fluid found in the household for bleaching, wash- 
ing and blueing is a solution of ammonium carbonate. 

Ammonia and its salts acts as a caustic alkali and produces the 
same effects but in addition the liberated ammonia gas frequently’ 
enters the respiratory’ tract and causes intense irritation and even 
suffocation. 

Death may result from suffocation, collapse, a severe gastro- 
enteritis or the latent effects from destructive lesions. No accurate 
estimates can be made as to its fatal dose. 

Iodine. — Attempts at suicide by drinking tincture of iodine are 
frequent but rarely fatal. It has recently become the poison of 
choice by’ young women in distress but fortunately’ the gesture is 
most often without fatal results. 

Iodine produces an intense bum of the mouth, esophagus and 
stomach and sets up a severe gastro-enteritis. '\’'omiting is early’ 
and frequent and most of the material is lost in this way’ before 

‘ Christison, R.: Treatise on PtMsona. Second edition, p. 207. Adam and Charles 
Black, Edinburgh, 1836. 
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inucli damage is done. It is quickly dilutcti and rendered inert by 
the secretions. 

If iodine enters the trachea choking ensues wliich may conceiv- 
ably be fatal very soon or later as tlie re.sult of edema and secondary 
pneumonia. 

Chloroform. — When chloroform is taken internally it produces a 
deep anesthesia similar in all respects to that seen after its inhala- 
tion. It acts first ns a local gastric irritant, h'or some reason there 
is a considerable delay in the development of its general anesthetic 
cfTccts and death m.ay not occur for several hours from cardio- 
rc.splratory failure. 

Two ounces or more would .seem to 1 m; needed to produce death 
in an adult. 

Methanol (Wood Alcohol).— Tins alcohol, in amounts over 1 ounce, 
may cause death by respiratory paral^'sis. The terminal coma is 
preceded by giddiness, headache, blurring of vision or sudden 
bliiidnea.s, incoordination and delirium. 

Wood alcobol is, or was formerly, n familiar liousehold article 
used for many purposes such as cutting paints and varnishes, ns a 
fuel in spirit lamps and as a cleansing fluid and spot remover. It 
is now almost wholly replaced by newer and more efficient chemicals. 
It is found occasionally in cheap whiskies and as such may be used 
for poisoning. As it is a basis of shellac it may be taken for suicidal 
purpose.s in that form. Attempts at suicide Jiave been reported 
by drinking cologne spirits and Iwy rum which contain wood alcohol. 

Turpentine.— Turpentine h a common solvent vehicle in paints 
and varnishes and is also employ e<l to clean old paint off of furniture, 
etc. It has caused death in suicides but r-nrcly has been used for 
homicide. 

Swallowing of turpentine is !ollowe<l by painful burning in the 
mouth and throat, vomiting and diarrhea. It is eliminated in the 
urine and its passage through the kidnej's frequently produces 
sufficient irritation of the renal and lower urinary epithelium to 
cause hematuria. The urine possesses a violet-like odor. 

Kerosene.— Kerosene h use<l as a fuel and cleaning fluid. It is 
always purcliasable in large quantities anil is used by the poorer 
classes in cities because of its cheapness and on the farm because of 
the absence or expense of other fuels. 

The ingestion of kerosene in letlial amounts causes vomiting and 
collapse and eventual death from circulatory failure. The latter 
may be deferretl for several liotirs and take place suddenly without 
warning. 

Conium or Hemlock.— Tlie active toxic principle of poison or 
spotted hemlock (C’okji«« maailalum) is conine. This is a paraly- 
zant alkaloid which nct.s primarilj’ as a depressant to the motor 
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nerve trunks. Poisoning from hemlock produces most frequently 
an ascending paralysis ^\hicll in fatal doses eventually involves the 
nerves of the muscles of respiration. Coma and convulsions may 
precede the final paralysis in some cases. 

Conine is found in all parts of the hemlock plant. As a medicine 
it is used as Extractum conii, Tinctura ojnii, Succus conii (B. P.). 

A dangerous dose of the solid extract would well exceed 1 grain 
and more than 1 or 2 fluidrams of the liquid preparations would be 
necessary to produce serious poisoning. 

Conium is rarely prescribed and its use for criminal purposes or 
selfKlestruction is largely one of historical interest. 

Aconite.— Aconite is one of the most powerful poisons known. 
It is obtained by extraction from AconiUim na-pellus, a flowering 
shrub commonly gromi in gardens for ornament and knorni as 
Monkshood or Wolfsbane. 

Its active alkaloid is aconitine, a paralyzant in toxic doses of the 
motor tract of the spinal cord and peripheral motor nerves and in 
fatal doses a depressant of the respirator}- center to the point of 
complete paralysis. 

Taken internally aconite causes a tingling sensation on the lips 
and in the mouth. This increases to a hot, burning intensity. The 
pulse is slowed by its stimulating action on the vagus nerve as soon 
as absorption from the stomach has taken place. Excessive dosage 
ultimately causes the pulse to become running and rapid. 

The pharmaceutical preparations of aconite are Tinctura aconiti 
(0.04 per cent aconitine). Extractum aconiti, Fhudextractum 
aconiti and Linimentum aconiti (B. P.). 

Aconitine is given raeclicinally in the dose of to ■jfur of a 
grain (0.00015 to 0.0003 gram). As little as yV Kf*'*"'* (0.0065 gram) 
may prove fatal to man. 

Any amount of tlie tincture over 15 minims is likely to prove 
exceedingly dangerous. Of the root of the plant itself, 60 grains have 
caused death. 

Physostigmine.— Physostigmine is the alkaloid found in the seed of 
the Calabar bean, Physosiigma tenenosum or ordeal bean. This 
alkaloid, also called escrine, produces death by respiratory paralysis. 
Convulsions may occur if a second alkaloid of the bean, calabarine, 
be present. 

The sensory cord is involved but the sensory nerves are not 
affectetl. A partial depression of tlie motor nerves results in inco- 
ordination and muscular twitching, which in fatal cases goes on to 
paralysis. 

Extractum physostigmatis (B. P.) and eserine salicylate are 
official preparations. Bljdhe states that 3 grains (0.2 gram) of 
physostigmine would be much bejond the fatal dose. 
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DEFENSE AGAINST THE USE OF SUICIDAL AND HOMICIDAL 
POISONS, 

Tlie loKicnl (Icft’iisc a^jninst suicHlcnml hoiincult: is directed against 
tlie social and beliavioristic* factors which engender the motives 
for the act. 

The main aspect of the defense against the willful use of these 
poisons must involve a study of nictliods which «’ill he cfTcctive in- 
placing obstacles In the path of the woiild-bc murderer or suicide 
who is desirous of obtaining them in lethal amounts. 

The inclTectiveness of such an elFort in general must be admitted 
at the outset because of the rcatly availability of fatal poisons to 
any one who .seriously contemplates death to others or himself. 
Of the potentially fatal poisons listed the majority can be obtained 
with little effort and without subterfuge. As previously stated the 
homicidal criminal and suicide may find it diflicult to obtain his 
jK)ison of choice. Tin's is especially true of the poisons most com- 
monly uswl, buch as the opiates. Tl»is apparent contradiction is 
explained by the fact that those who have accessibility to these 
poisons use them while those who do not, t»se mctliods other than 
poisoning, rhysicians, druggists and chemist.s for example use 
those poisons most difficult to be obtained by the non-professional 
man, the ignorant use the corrosis-e ami caustic poisons, the major- 
ity of suicides and homicides use firearms or cutting weapons. 
Anti-narcotic and Poisons Act.s arc effective in blanketing the hur- 
ried suicide and non-contemplativc murderer from purchase and 
posses-sion of poisonous substances falling nithin the meaning of 
these acts. To obtain these poisons In lethal doses involves planning 
and cunning which doc.s not rharactcri/e the impatient criminal or 
huicide. 

rhysicians in general prescribe poisonous drugs in excess of the 
amounts needed for the imnierliate treatment of their patients. 
The surplus is seldom throsm away but allowed to stand for long 
periods in medicine chests and on open shelves. These then consti- 
tute sources of poisons for deJil>emte use and those made up in 
alcoholic menstra remain not only poisonous in the original amounts 
hut become more so because of the slow evaporation which increases 
the concentration of their poisonous ingredients. 

Many of the poisonous proprietarj* medicines sliould be legis- 
lated out of existence not only because they are poisonous but 
because they are unnecessaiy and dangerous for self-medication. 
Ever\’ effort which the physician can make to rid tlie public of this 
menace through individual or concerted effort will aid in reducing 
the availability of lethal poisons. 

Education remains as the one great measure against the misuse 
of toxic substances. The public should know that many household 
articles are potential suicidal and homiddal instruments. It should 
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be educated to suspect the development of suicidal tendencies in 
individuals \\ho develop morose and melancholic behavior and to 
anticipate antisocial acts on tliepart of others who are entering the 
paranoid states with persecutorj' delusions. It is not implied that 
they can be expected to diagnose mental diseases but they can be 
taught to recognize poor mental hygiene and encourage medical 
consultation for those who appear mentally and emotionally sick. 

“Poison" labels are required by law' on many articles of com- 
merce containing poisonous ingredients. This is primarily to reduce 
accidental poisoning but it is also useful as a warning not to allow 
them to stand around in places where they can be gotten hold of by 
irresponsible persons. « 

The widespread use of arsenic, cyanids, and mercury salts in the 
trades and industries makes it impossible to restrict their sale 
without interfering seriously in their legitimate use. The best that 
can be done at present is to make them difficult to purchase by 
unknown or unauthorized individuals and whenever this is imprac- 
tical to make it mandatory for the dispensers to keep a complete 
record of the sale. 

INGESTED POISONS ACQDIBED IN THE INDUSTRIES. 

Almost all of the poisons acquired by accidental ingestion in the 
Industries are the ores or salts of the heavj- metals or the metals 
themselves. 

In the extractive processes in whicli ores are ground and treated 
the workers may be subjected to contamination of their hands by 
finely divided particles and dusts which are readily carried to the 
mouth. Even though no visible dust may be apparent in the atmos- 
phere these minute fractions of the minerals may rub off and con- 
taminate the person or his clothing. 'Hiis exposure differs in many 
w’ays from the inhalation of volatilized minerals or their dusts and 
is therefore given this special consideration under ingested poisons. 
In the intermediate ami advanced stages of manufacture of many 
articles of commerce there are further possibilities for the transfer 
of these poisonous substances to the mouth. 

Antimony.— This metal is used to increase the hardness of lead 
in printer’s type and in the fomi of antimony sulphide enters into 
the manufacture of red rubber. 

No convincing evidence has been brought forward to prove that 
the alleged cases of antimony poisoning in type-metal makers and 
printers are due entirely to antimony and not to the lead or arsenic 
impurities in the metals. 

investigations on the solubility of antimony sulphide in human 
gastric juice by Carlson* showed that 8 per cent of the crimson and 
3 per cent of the golden sulphide mixtures went into solution. 

' U. S. Bureau of Labor Statutics, Bull. 179. 
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The heavy omtauiiuatifm of the hanch of workers in the type 
and rubber industries makes it hi^'hly probable that sufllcieut anti- 
mony may be carried to the mouth to account ^r the ingestion of 
consideraldc tpiantltics of this metal. VurtheT opinion of the role 
it plaj.s in industrial poisoninp must await the separation of its 
toxic elTccts from tiiosc of its associated dements. 

Arsenic.— Tlic prevalence of arsenic dermatitis in workers who 
Jiandle arsenic-eontniniiiK jamders is evidence of the degree of 
lontuminfttion that exists in tlicsc itMlustrics. Althongli tlie great 
majority of occupational arsenic poisonings arc due to the inhala- 
tion of dust and fumes there can be little doubt that there is an 
addcfl liarard from its ncotdcntal ingestion. 

Tor a list of tlic triuies and industries in wliich arsenic is in use 
tlic reader is referred to p.age 

The toxic dl'ccth are discuvstsl umicr Poisons Acquired by Inhala- 
tion; Arsenic, page 141). 

Barium.— The insoluble iKiriuin sjilts except barium sulphate 
may be csinvertcd into solnble toxic liarinin chloride through the 
action of the lijdrocliloric achi of the stomach tlius making them 
potentially poisonous. Harium salts are mnmifnctiircd in large 
tpjantlties for their use in medicine, especially as opaque media for 

roentgonogrnpljy- 

They arc also U'.ed in paints and rat pastes. Barium nitrate and 
chlorate arc ingredients of psTtitechnics and the carbonate and o.xide 
arc used in the manufacture of glass. Barium sulphide is a depilatory 
employed by dealers in hides an<l is a constituent of cosmetic hait- 
rcnio\'ors. 

Poisoning by ingestion of barium salts in mdustrip.s Is rare not 
because of the lack of opportunity for It to reach the mouth but 
because large amounts are rc’cjuired to produce toxic effects. Chronic 
poisoning is said to produce whitening and loss of hair, vague gastro- 
intestinal symptoms and disturbance of the heart rate, muscular 
twitching an<l paralysis. In fatal doses it acts much like digitalis 
in itvS effect on the heart. 

Cadmium.— Zinc ore contains a small amount of cadmium as an 
impurity wliich is liberated in the zinc smelting process. Tnicinski 
says that small repeated dose.s may produce poisoning. This is 
acquired largely by inhalation of cadmium fumes but the possibil- 
ity of ioge-stlng small amounts over a long period of time must be 
kept in mint!. 

Lead.— The toxicologx- and industrial aspects of poisoning from 
tills element liave been fullj' discussed under poisoning from volatil- 
ized lead (page 157). Workers svith lead cannot avoid getting it 
on their hands and under their nails. Unclean habits and failure 
to wash the hands before eating make it possible for considerable 
amounts of lead to be carried to the mouth in this way. 
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Tiluch, if not most of the lead inspired with air is snaJIoired and 
therefore indirectly ingested. Tije role of directly ingested lead is 
probably a minor one in contrast to the other channels of entry. 
Hamilton states that painters are the lead workers w'ho are not 
ordinarily exposed to lead dust but they too rub up dry lead pow ders. 

Phosphorus.— The \:se of poisonous white phosphorus in the match 
industry was formerly associated with the development of many 
cases of phosphorus poisoning. 

Although it is the inspired fumes of phosphorus which are espe- 
cially dangerous it may be carried to the mouth on chewing tobacco, 
chewing gum, drinking utensils and tooth picks. 

The processes and sjunptoms of poisoning from phosphorus 
acciuiretl by ingestion are tlie same as those following its inhalation 
(see page 161). 

PREVENTION OF THE INGESTION OF POISONS IN INDUSTRY. 

With few exceptions the prevention of sucIj poisoning rests almost 
entirely on tlie Iiygiene of the worker. Even though the employer 
may be negligent in protecting his workers by anti-dust measures 
the man e-xposed to harmful dusts must protect his own welfare by 
the adoption of hygienic habits. If it is granted that he knows 
there is danger in the dust it is grossly careless of him to place dirty 
fingers in his mouth or to handle anything he is going to put in his 
mouth with dirty hands. Tlie responsibility of informing him of the 
danger involved in his occupation must rest on the employer. 
Ilerainders in the form of placards and danger signs would perform 
a real service. 

The independent Avorker, such as a painter, is almost always aware, 
through hearsay, of the dangers of lead poisoning. With him cleanli- 
ness means safety. 

Legislation and agreements between employee organizations and 
employers play an important part in insuring healthy working 
conditions which will limit the possibilities of getting poisonous 
substances into the mouth. 

Ift larger ffxf(C!>(ives fite //rJffsfcMf aith 

the responsibility of protecting the health of the worker and it is he 
who must instruct the men and make health recommendations to the 
employers. 
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rOISOXS ACQUIRED BY THE SKIN AND OTHER 
I’ARENTERAL TISSUES. 

WiiKN cliemlcal nponts coinc in contact with the shin or other 
I)arcntcral tls'snea and produce disease they do .so hy: (1) entering 
into chemical cliaugca with the tissue cells; (2) initiating reactionary 
changes of an allergic nature in tissues sensitized to tl)cm; (3) 
passage througli the tissues with the production of toxic eflects on 
htructiircs more or less remote fn)m the tissue of entry. Under 
special drcuinstunccs the toxic agent may he intro<lueed through 
the skin or otiicr tUsucs witliout coming in contact with them. 
In sucli instances the poison may act on tiistant cells after it is 
ahsorbed or may wconclurily involve the tissue through which it 
was introduct'd. Thh is .seen in poisons n«iuircd by deep inocula- 
tion. 

Parenteral tissues include oil relatively superficial memhrones 
other than those of the gastro-intestinal tract. (TJje respiratory 
system is a parenteral system hut poisons acquired through it have 
been considered clscnliorc.) Those included in this category are 
the skin and its extensions, the nose, e«njuncti\'a, auditory canal, 
urinary tract, genital tract, and the rectum. The latter is plaecil 
arbitrarily in this group liccaiise the di&cussion of poEons introduced 
into the alimentary tract has Ijccii limited to those acquired by 
ingestion. The proci'sscs of poisoning by substances introduced by 
rectum ami their prm'cntion arc distinct from those taken hy mouth. 

The natural history of poisons acquired through tlie,se channels 
extends into the environment: it includes the sources from which 
tliey arise, tlie mechanisms by which they are brought into contact 
with the organism, and the disease changes whicJi they bring about. 
(Pathologic lesions in the skin and other parenteral tissues wliith 
re.siilt from poisons acviuiixx! through other atria do not fall within 
this classification. Thus tlie eruption caused hy the ingestion of 
bromides, or tumors of tlie himidcr arising in poisoning from the 
inhalation of anilin are not primary e0ects.) 

SOURCES AND METHODS OE ACQUISITION. 

The human environment contains hundreds of potential contact 
poisons and their number is increasing with the technologic advanrcs 
in processing and fabrication of the roost common articles of daily 
(250 ) 
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use. An outline of the preventive possibilities against these sub- 
stances must first consider their origin and nature. 

Numerically, the greater part of the skin poisons arise in indus- 
trial processes and their effects constitute the occupational derma- 
toses. The worker with crude products Is brought into contact with 
ores, metals, acids, alkalies and salts which may in no way affect the 
users of the completed product. On the other hand the user may 
be poisoned by the materials of the finished article and the manu- 
facturer remain completely unaffected. From these two main 
sources arise the majority of poisons that primarily affect the skin. 

A third group includes cnide chemicals and otlier substances of a 
relatively primitive nature which are ingredients of domestic sup- 
plies. These are represented by lye, washing soaps and scouring 
powders, disinfectants, deodorants, vermin deterrents, lacquers, 
varnishes, polishes and cleaning fluids. 

Certain substances are deliberately used upon the person and are 
capable of causing damage. They arc found in face powders and 
creams, wart and freckle removers, softeners for corns and callouses, 
eye washes, eyelash and hair dyes, medicated ointments, liniments 
and pastes, depilatories, manicuring preparations, and deodorizing 
powders and solutions. 

Chemical poisons may be Introduced accidentally into the eye, 
nose and ear, or may be deliberately placed there for therapeutic 
purposes. In the same way various harmful substances may be 
emplojed in the vagina, urethra, bladder, and in exceptional ci> 
curastances, the upper urinary tract. The use of venereal disease 
preventives and contraceptives may not always be without danger. 

There are a number of plant poisons such as poison ivy, poison 
oak and sumac which can produce severe dermal reactions in sus- 
ceptible individuals. A few woods (box-wood, red-w’ood, teak) also 
possess irritating properties. Such poisons are met with in their 
natural state or in manufacturing processes in w'hich they are 
handled. 

Some animal products sudi as dander, hair and poisonous secre- 
tions and excretions arc skin irritants. These are acquired from 
pets, domestic animals, furs and fur products, hides, pelts, hair 
goods, bristles, and rarely from animal products used as foods. 
Fishermen, sportsmen, and collectors may be exposed to these 
poisons, and others may come in contact with them under a variety 
of circumstances. 

Of the poisons introduced by inoculation, the most common are 
those of stinging and biting insects. In these instances the poison 
may be injected into or through the skin. Some of the higher 
animals like the scorpion and sting-ray introduce their poisons 
through specialized mechanisms. The venomous animals constitute 
an important source of poisons acquired in this manner. 

17 
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Thcrnpeutic agents ndmimstercd b.v tlic li^pfKlcrmic needle are 
almost all potential parenteral poisons. They may he introduced 
intrndernially, siibcutanconsly, intramibciiiarly, intravenously, 
or into somatic cavities and bring alxmt local tissue changes or 
general effects after absorption. Poisoning from these agents arise.s 
nn<ler the same circumstances as when they arc administered 
through other channels, that is, iwisoning occurs when the ordin- 
arily innocuous does proves to be poisotioiis for the individual 
concerned or the dose is inordinately excessive thrintgh aeddent, 
Inch of pidginoiit or shill, or is dclibt'rntcly made so. Intradcrmal 
tests cmploj itiR tuvtc agents arc reactions that are permitted be- 
cause no serious conscquenn“s are anlidpated in the amounts used. 
These reactions may otensionally exceed the e.xpt'ctc<l results and 
prove to he highly injurious to local tissues or endanger the whole 
organism. 

RESISTANCE TO EXTERNAL CHEMICAL IRRITANTS. 

The extcrnnl coniificd laj er of tlie epidermis is an efficient defense 
mechanism against mntij of the chemical agents in the environment. 
Although its outer cell layers are lifeless and cannot partahe in 
defense processes that depemi on vita! functions its horny nature 
mechanically inhibits many strang poisons. Keratin, of which It la 
largely composed, is insoluble in oO per cent solution of the mineral 
acids. On the other hand it is jolublc in potassium hydroxide even 
in weak solution. 

The stratum corncum is impenneahle to water but not to fats 
with low melting points and oils. Tins layer is thimiest in infants 
and therefore more rcndih\' damaged by e:^crnal agents. The cor- 
neum of the aged is drj’, rough and friable and liable to discontinui- 
ties in its surface 

The normal skin surface is interrupted by tlie openings of the 
hair follicles and the ducts of the sweat and sebaceous glands. These 
breaks in the continuity of flic horny lajer are vulnerable points 
at which irritating substances can c-omc into direct contact with less 
resistant epithelial cclhs. 

Fatty, oil}’ sebum from the sebaceous glands spreads over the 
surface of the skin and affords additional protection against those 
substances which are not soluble in fat or miscible witli it. Fat 
solvents remove the protective film, aiul oils and fats that have 
harmfvd chemicals incorporat«! in them thus favor absorption 
by mixing with the natural oil on the skin. The distribution of the 
sebaceous glands over the body surface is not uniform. They are 
most abundant in the hairy regions of tlie scalp and axilla and on 
the face, shoulders and back. 

Tlie resistance of tlie shin to external chemical irritants is also 
reduced bj’ mechanical, thermal, electrical, and radi.mt energy 
factors, and destructive processes in the shin that have resulted 
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from pre-existant disease. Variations in normal physiology' of the 
skin may also affect the action of poisons by altering its texture, 
moisture, blood supply, innervation, oiliness, and pigmentation. 

The conjunctiva of the eye possesses little resistance to exogenous 
chemicals. Alkalies are especially damaging to it. The constant 
flow of tears across the conjunctival sac, and winking are mechanical 
factors that operate constantly to dilute and remove foreign matter 
entering the palpebral fissure. When these protective meclianisms 
are at fault there is a tendency to dryness of the conjunctiva and 
an increased opportunity for toxic gases, liquids and solids to 
remain longer in contact vith the membrane cells. 

The mucous membrane of the nose consbts of ciliated reticular 
cells. There are numerous mucous glands in the regio respiraioria. 
The membrane is kept moist by the secretions of these glands and 
tears and secretions coming from the accessory nasal sinuses. It 
I)ossesse5 a rich nerve supply nhich reflexly increases secretions 
when it is irritated and initiates the act of sneezing. 

That portion which is reflected over the turbinates rests on a 
loose submucous areolar bed which is highly vascular and erectile. 

When foreign chemicals enter the nasal cavity in sufficient con- 
centration they call forth a flow of mucus which tends to dilute 
them and wash them away. The latter is further augmented by 
the cilia of the cells and sneezing. The hair which is present at the 
anterior nares acts as a mechanical filter for gross solid particles 
and fluid droplets. Functional or pathologic conditions which dimin- 
ish or destroy these protective devices predispose to the action of 
foreign chemicals entering the nose. 

The vagina is lined by stratifie<l epitlieliura but contains no glands. 
It is kept moist by secretions from the cervical and uterine glands. 
The membrane is more sensitive in children and the aged than in 
the childbearing period because the \aginal mucosa at these ages 
is made up of fewer layers of cells. Strong chemicals introduced 
into the \agina can readily produce damage because of the lack of 
special protecting factors. The cervix is normally closed and im- 
penetrable to solutions placed in the vagina. It may be opened by 
operative interference and childbirth to such an extent as to permit 
the entrance of chemicals into its canal or even into the uterine 
cavity. The columnar and cuboidal epithelial linings of these two 
structures are rich in sccretorj’ glands that aid in the dilution of 
poisons but may also act as points of lessened resistance and so 
favor absorption. Almost all substances that can affect the skin 
may also affect these membranes. 

The urethra, bladder, ureter and peMs of the kidney can only 
be reached bj' exogenous chemicals by deliberate instillation. With 
exception of the diluting effect of the urine and the secretions of 
glands they possess no natural defense against the action of irritating 
chemicals. 
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THE PROCESSES OF DIRECT CHEMICAL INJURY. 

Wlicn pwlivjjo'vijig cftusts nrc prwciit wliicli fivvor tlie action of a 
clieinical irritant, or tlic Irritant w Introduced in buch manner 
and do->c as to pass tim normal harriers it can enter into direct 
clieinical action nitli tlie tissue cells. 

In the discussion of the general behavior of poisons it was stated 
that the chemical reaction with the cells may he of a'lninor grade 
tliat interferes little with the normal functions of the protoplasm 
and c-oll proeesscs, or may l>e so ovenvlielmhig as to disorganize the 
cell and its functions and make its return to normal difficult or 
imixissihlc. 

The most simple form of injury is the e-xtraction of cell ami tissue 
water by dehydrating agents. Tins results in changes of osmotic 
jircssiire ami pH conteiitration nlnch interfere v\ith electrolyte and 
lliiid c.\'change. 

Oxidizing suhst.'inccs may prodiicv more profound effects by alter- 
ing cell chemistry to a serious c-xtent, ami Jiydnilyzing agents can 
bring about the formation of materials more toxic than themselves. 

Siihstances such ns mercurj’ coagulate albumin and cause pro- 
found changes in the phj'sical-clicmical state of protoplasm that 
niny terminate in cell death. Strong caustics ami corrosives car- 
bonize and dissolve cells and cause their instant death. In weaker 
dilutions they may fix the protopkasm ami bring about complete 
functional dissolution without causing physical dissohition. 

In some instances the poison affects the cellular components 
indirectly by producing changes in the intercellular fluids. This 
interferes w ith the passage of nutrient mnteri.ils across the cell mcm- 
braiie.s and results in nutritional failure of the cells, or cell poisoning 
may occur from the retention of prwlucts of metabolism within 
the c-ell. 

Keratolytics ami lipoid solvents prmhice damage by removing 
special tissue substances for which they have an affinity. The extent 
of harm they do depends upon the importance of the dissolved 
material in the tissue and cell economy. 

Instead of interfering with structure and function by destroying 
cell and tissue elements, a poison ma.v stimulnte tells to increastni 
or abnormal activity. Arsenic, coal-tar derivatives and scarlet red 
can act in this way and produce new growths or accelerated normal 
cell growtli and activity. 

THE PROCESSES OF SENSITIZATION. 

Wlien a chemical agent comes in cont.ict with tissue cells of a 
susceptible individual at some time after the cells have had a pre- 
vious experience with the agent, a series of epiphenomena o«ur 
which differ from those resulting from direct chemical action. This 
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tjpe of reaction is called allcrgj' or I 13 ix^rsensitivcness. It may 
follow a primary contact whicli was acquired in the same manner 
as the second dose, or the agent may have been brought first to the 
cells by introduction into the bodj' through some other portal of 
entrj". This is well exemplified by tuberculo-protein which sensi- 
tizes the cells of the skin even though k be introduced in the form 
of tubercle bacilli taken into the lungs. At some time later the 
allergic phenomena occur when a second dose of tuberculin is placed 
in the skin in making a tuberenlin test. 

The sensitizing agent is termed the allergen. The nature of the 
reaction which occurs when an allergen is brought into contact 
with susceptible cells is still a matter of conjecture. (See pages 181 
and 197.) In many instances of apparent sensitization the allergen 
is not a protein as in the case of plant pollens and foods but a simple 
inorganic substance. 

The connection between non-protein and protein sensitization 
may possibly be proven to be the development of toxic protein 
combinations, or derivatives brought about by the action of non- 
protein poisons on e'en constituents, and that this new’ protein 
compound constitutes the allergen (Wells). There is always a delay 
between the time of the first contact of tlie sensitizing agent with 
the cells and the appearance of the reaction. Direct chemical action 
may occur at this first exposure but the allergic phenomena do not 
appear with a subsequent exposure until this “latent period” has 
elapsed. 

The length of this period cannot be given in any definite units 
of time for it varies with the sensitizer and the constitutional 
factors of the individual concerned. It is probable that inheritance 
factors play a part in some instances and that length and frequency 
of exposure, concentration of the noxious agent, predisposing factors 
w’hich favor or retard the chemical union, are all concerned. 

The anatomic site of the reaction is of particular interest. Sulz- 
berger* presents convincing evidence that oil solvents and substances 
mixed with or soluble in oils and fats and thereby rendered capable 
0 / easy contact nkb the epi^ermai tissues, cause aJJcrgJc reaction’i 
in the epidermis. This is also made possible by mechanical, thermal 
and other factors which diminish the resistance of the natural bar- 
riers to contact w’ith the epidermis. On the other hand substances 
W’hich gain access to the skin tissues byway of the blood stream after 
ingestion or inhalation or which were introduced by some mechanism 
through the epidermis exhibit the reaction in the vessel walls of the 
cutis and secondarily in the epidermis. The pathologic lesions of 
the first group are characteristically a state of spongiosis of the 
tissues and intradermal vesiculation. In the second group thej' are 
extravasation of vascular fiuids, edema and the formation of a 
• Sulibergcr, B : Jour. Michigan State Med. Soc . 34, 7S, 1035. 
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wJif.il. Formed elenionta {>artici]uitc in tlic reaction with the appear- 
ance of infiltrating lymphocytes and epithelioid cells, local oosino- 
philia, nodular and follicular lesions, and many of the secondary 
skin lesions. 

Immunity to simple chemical skin irritants must at the moment 
be held auhjudicc, but true immunity must be allowed in the cases 
of some animal and plant poisons. 

The so-called immunity of the "Jiardened worker” is not permanent 
for local or peneral immune substances have not definitely been 
demonstrate<l in these eases. Ileinoval of the worker from e.'c^)osure 
results in cure but the cumlition will recur when he returns to his 
occupation. It is probable that certain local conditions such as 
actual “hardoninp" of the skin may re<luee the opportunities for 
the noxa to come into contact with living epithelial cells or that the 
cells may develop an as yet unexplained refractoriness to the agent. 
Eller and Scinvnrtx' believe that this apparent immunity, evidenced 
also by periodicity of attack, may be due to the fact that the worker 
is not always engaged under the same conditions of exposure and 
that his sensitization may varj' with <lict, activity, the presence of 
focal infection and other individual factors. Also, secondary 
bacterial and fungus infections may eoinpljcatc and distort the 
true picture. 

PROCESSES or ABSORPnON. 

The absorption <»f chemical agents through the unbroken skin is 
limited to volatile sulbtanocs and those which are soluble or liighly 
miscible in oils, fats, alcohol and ether. Although some of the mate- 
rials may be taken up by or penetrate the superficial layers of the 
epidermis by dissolving the oil surface on the skin or going into 
solution in it, the greater amount eiitere by way of the less resistant 
cell coverings of the sebaceous ducts. Water anti watery solutions 
cannot enter through this channel. It is doubtful if alkaloids can 
lie made to penetrate under any conditions. 

Technologic proces'ies have developed a large number of materials 
which are fat solvents and as a result most of these are able to affect 
the skin locally or be absorbetl from it. 

The rate of absorption from the skin surface is relatively slow 
compared to that from the mucous membranes, and the quantita- 
tive poisoning that results from the skin is a matter of length of 
exposure or area of skin involved. 

Catapiioresis is the method of carrj’ing ionized materials (medi- 
cines) into the deeper layers of the skin on the discharges of an 
electric current flowing in that direction. It is not highly effective 
ns the amount carried to any agnifieant depth is very small. 

• Eller. Joaepli J , and SehnaiU, Louis New York SfUo Jour. Med . 35. 951. 
1935. 



PROCBSSBS OF AB80RPT10X 


263 


Vapor baths depend for their efficacy on surrounding the body 
with heated air carrying particles of volatile substances that can 
be absorbed. 

Any agents which have the pwwer of reducing tlie normal resist- 
ance of the skin or destroying the surface epithelium enhance their 
ability to be absorbed. !^Iany weak acids, alkalies, and other corro- 
sive and caustic poisons can be absorbed in dangerous amounts in 
this way. 

Destruction of the epithelium by heat, abrasions and other physi- 
cal traumatisms open the absorbing areas of the deeper structures 
to the action of substances not poisonous to the normal skin. 

Beneath the avascular carapace the la5-ers of the skin become 
progressively richer in lymph spaces, hunph channels and blood- 
vessels. In these areas any soluble substance can enter the circu- 
lating fluids and he oarrie<l throughout the body. Very finely divided 
particles in suspension in the intercellular fluids may also be carried 
away by the lymphatics. For these reasons general poisoning can 
occur from absorbable substances applied to the skin. 

McCord* furnishes a list of substances believed to be able to pass 


the normal skin barrier: 


Ammoniatecl mercur>' 

Ethylene chlorhydrin 

Nitronaphtbalene 

Anilia oil 

Etliylene dichloride 

Oleates 

Belladonna 

Formaldehyde 

Olive oil 

Benzene 

Formalin 

Osmium 

Benzine 

Oarbe 

Oxides of mercury 

Bismuth 

Gasoline 

ParanitranOin 

Boric acid 

Guaiacol 

Pliosphonis 

Camphor 

Hydrocyanic acid 

Phenacetin 

Carbon bisulphide 

Hydrogen sulphide 

Phenol 

Carbon tetrachloride 

lehthyol 

Picric acid 

Chlorine 

Iodides 

Pilocarpine 

Chloroform 

Iodine 

Quinine 

Creosote 

Kerosene 

Salicylic acid 
Stoddard’s solvent 

Cresols 

Lanolin 

Croton oil 

Lard 

Tetraethyl lead 

Cyanids 

Mercury 

Toluene 

Cyanogen compounds 

Klonotnchlorbenzene 

Triclilorethylene 

Dimethylanilin 

Naphtha 

Turpentine 

Dimethyl sulphate 

Nicotine 

Vaseline 

Dyes (some) 

Ether 

Nitranilin 

Nitrobenzol 

Xylene 


The several mechanisms by which noxfe are carried through the 
skin without touching the superficial layers (inoculation) can 
deposit the agent in any structure lying beneath the skin. A hollow 
needle or the fang of a serpent may inject the poison into a lymph 
space or directly into a blood-vessel. In the latter case it is not a 
true case of absorption for the materials injected need not be in 
solution but may be particles in suspension in a fluid medium. 

* McCord, C P.. Am Joor Pub Health , 24, 077. 1934 
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WIicii solid particles such ns hismtith are injected into subcu* 
taneous tissues absorption and removal do not oc-cur immediately. 
In some instances tlic nhsorption rate is pndont'ed for days because 
tlie clictiiical must first be traiisfoniiwl by tJie action of the body 
fluids into a soluble compound. 

The rate of absorption is also affecte<l by the vascularity of the 
area involved and by tlie activity of theblorKl-vcssels and lymphatics 
of the tissues. It is tliercfore more rapid in hypcremic areas and 
slo^scr where there ia blood or lymph stasis. The physical activity 
of the organ of the tissue is a part is also of importance. 

For example the absorption of a drug injected into an active muscle 
is more rapid than from a muscle at rest. 

Absorption from mucous membranes in general is possible for 
all substances which are soluble In water and not in a colloidal 
state. Even the latter may penetrate the membranes and gain 
access to tlie submucous structures If the function of the epithelial 
lining is interfered with. For thb reason great caution is indicated 
in treating mucous membranes with potential poisonous medica- 
ments when disease exists which has damaged the lining cells. 

The vaginal mvtcosa is somewhat more highly penetrable by chem- 
ical agents than the skin. ITiis is due in part to the absence of a 
protecting oil fdm in the vagina and because the epithelial cells are 
less cornifled titan those of the epidermis. 

The external ear and auditory canal are well protected by the 
secretion of the oily cerumen and poisoning b) absorption from 
these structures is rare. The car <lrum however is not so protected 
and may readily be damagc<l. 

The mucous membrane of the rectum is an eflicient absorbing 
surface. This is frequently t.al<en adv’antnge of for medication. 
Tlie alkaloids and their salts arc taken up by this tissue m'th great 
rapidity and it is therefore very easy to give ovenloses of drugs by 
this method. Ether and chloroform can be administered by this 
channel but because it is extremely difflcult to regulate their dose 
precautions must be taken to enable the excess drug to be drawn 
off at the first evidence of danger. 
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POISONS ACQUIRED BY THE SKIN AND OTHER 
PARENTERAL TISSUES (Continued). 

IN THE TRADES AND INDUSTRIES.* 

Acetaldehyde.—This is a volatile gas given off in the oxidation 
of alcohol. It is a conjunctival irritant. 

Acetic Aeid.—Coneentrated acetic acid is a strong corrosive. It 
is met with as glacial acetic acid in laboratories where burns may 
result from contact with the skin. The same may occur from mono- 
chloracetic acid which is used in the manufacture of indigo. The 
burn is characterized by a mild pain out of proportion to the extent 
of the injury. 

Acetone.— A solvent widely use<l in the industries engaged in 
the manufacture of cellulose products, paints and enamels, perfume, 
pyroxylin, and dyes. It is a fat solvent capable of producing derma- 
titis. In the volatile state it is an irritant to the conjunctiva. 

Acridine.— Volatilized acridine given off in the manufacture of 
dyes is a direct irritant to the skin and conjunctiva. 

Acrolein.— This is a fuming acrid gas produced in the rendering 
of fats and animal and vegetable oils. The gas is produced in the 
manufacture of linoleum, glue, varnish, soap, candles, lard, stearic 
acid, and pjTOXj’Iin. It produces a dermatitis and irritates the 
conjunctiva. 

Alcohol. — Prolonged immersion of the hands in alcoholic solutions 
removes much of the natural oil of the skin and dehydrates the 
epithelium. This predisposes to drying and cracking of the skin. 

Aluminiun Silicate. — Produces a dermatitis from its presence in 
dusts. 

Ammonia.— The concentratetl gas or strong solutions of ammonia 
are strong caustics to the skin and conjunctiva by direct chemical 
action. Poisoning generally occurs from accidents in which the 
gas or liquid is freed in large amounts from broken pipes in ammonia 
plants or refrigeration apparatus. In many industries where 
ammonia and its salts are used the possibility of serious ammonia 
burns is slight. Small amounts of the gas may however produce a 
troublesome conjunctivitis. 

> Taken in part from Rosenau, M ; Preventive Medicine and Hygiene, New York, 
D. Appleton & Co , 1935. Originally published by the Bureau of Labor Statiatics, 
Vi’aalungton, D. C. 
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Amyl Acetate.— Amyl acetate, or “baimim oil,” is a cellulose 
solvent used in tlic manufacture of many cellulose products and 
also to dissolve paints, vamWiCb awl shellac. It volatilizes readily 
and in tins form irritates the cj'elids. Old workers with amy] 
acetate appear to get accustomed to its effects. 

Amyl Alcohol.— Tills alcohol like amyl acetate is used in the paint 
and (“cllulose industries and produces a idepharitis. 

Anilin (Amidohenzene).— In the rubber industry aiiilin is used as 
an accelerator in rubber compounding. Opportunities for contact 
alt*o occur in the tnanufact\jrci>f this chemical itself and in tl^e mnnii- 
facture of explosives, d^'os, paints, varnishes, painters supplies, vul- 
caiiirers and coal-tar derivatives. It produces an eczematous 
dermatitis in sensitized individuals. Anih'n formaldehyde produces 
a .similar dermatitis. Hamilton .states tliat this compound along 
with other accelerators is responsible for rubber Itcb in handlers of 
rubber tubes and tires. Anilin black Is a fur dye which dauses der- 
matitis after sensitization. 

Anthracene.— Antliraccnce is a Iwnzcnc derivTitive used as a dye 
intermediate. It prodiu-es an allergic dermatitis. 

Antimony.— Tin's metal and its salts produce a pustular eczema 
which has Ix'cn likened to the eruption of smallpox. 

Antimony is us€<l industrially in the manufacture of printing typo, 
electric storage battery plates and red nibber goods. In the latter 
trade the workers b^me covered wHli the antimony sulphide 
dusts. It is also met with among brass workers. 

Arsenic,— Arsenic acts upon the skin to pro<luce lesions by direct 
chemical action and, after repcatcxl contact, by tlie development of 
sensitization. In the chronic ca<!es it is difficult to distinguish these 
contact lesions from the secondary Jc.sions producefl by arsenic 
which has been inhaled or ingesftxl under the same conditions of 
wcupation. 

Where arsenic is pre.scnt in the form of dust the skin lesions tend 
to appear mostly In the moist areas of the bod^* and where it is 
retained b.>' the pressure of clothing. Tims they are seen frequently 
on the scrotum, face, luands, and feet, and along the edges of the 
eyelids and in the nose. The lesions are at first erythematous in 
clinracter and later become papular with necrosis and ulceration. 
Arsenic can be absorbtsl throu{d< the damaged epidermis and con- 
tribute to the general poisoning. 

Prolonged contact of arsenic with the .skin may produre new 
growths wind) have a stmng predisposition to become malignant. 

Exposure to arsenic by contact occure in the following occupa- 
tions; _ ^ j 

Artificial-flower makers, artifidaj-leather makers, book-binders, 
brass founders, briquet makers bronzers, calico-printers, candle 
makers, carpet makers, felt hat earroters, chimne.s’ .sweepers, colored 
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paper workers, color makers, rubber compounders, copper founders 
and smelters, curriers, cut glass workers, pottery decorators, dye 
makers, electroplaters, enamel makers and eiiamelers, feather 
curers and workers, ferrosilicon workers, fire\\orks makers, fur 
handlers and preparers, galvanizers, gardeners and others using 
areenical spraj's and dusts, glass mixers, gold refiners, insecticide 
makers, japan and lacquer makers, lead smelters, linoleum colorers, 
lithographers, rubber mixers, mordanters, painters and paint 
makers, paper glazers, paper hangers, pan’s green workers, pitch 
workers, potterj’ workers, pressroom workers (rubber), printers, 
pyrites burners, refiners of metal, sealing wax workers, sheep-dip 
makers, shot makers, soot packers, sulphur burners, sulphuric acid 
workers, taxidermists, tinners, toy makers, \ el vet makers, wall- 
paper printers, wax ornament makers, wire drawers, wood pre- 
servers, zinc miners and refiners. 

Bakelite. (See Formaldehyde.) 

Benzene (Benzol).— Benzene is a coal-tar distillate used as a sol- 
vent extractor of oils and greases. It Is generally employed through- 
out many of the rubber making processes, in the dye and paint 
industries, and in the manufacture of artifici al leather and fabrikoid. 

Due to its solvent action on oils, benzene removes the protecting 
lajer of the skin and causes erythema, vesiculation, furunculosis 
and ulcers. It is accompanied by a troublesome itching, 

Benrine.— This petroleum distillate is mildly irritating to the skin 
and eyes. For the trades in which it is encountered see Poisons 
Acquired by Inhalation: Benzine, page 14G. 

Benzyl Alcohol. 

Benzylamine. 

Benzyl Chloride.— These benzene dcrivati\'es are widely used in 
the rubber industry and the production of dyes, drugs and perfumes 
from coal-tar. Frequent handling results in an acneiform derma- 
titis. 

Beta-naphthol.— A naphthalene derivTitive used in the manufac- 
ture of para red. It causes a mild <lermatitis and can be absorbed 
through the skin with systemic symptoms o! piienoi poisoning. 

Brass.— The only skin poisoning from brass results from the 
antimony which is present in the metallic mixtures. See Antimonj . 

Bromine. — Free bromine is a severe irritant to the conjunctiva 
and produces a catarrhal conjunctivitis. It is encountered in the 
manufacture of bromine salts for medicines and disinfectants, in 
the dye and ink industries, and in the extraction of gold and plati- 
num. 

Butyl Acetate,— Used in conjunction with benzene and amyl ace- 
tate in the manufacture of artificial leather. It is irritating to the 
eyelids and conjunctiva. 
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Butyl Alcohol.— This is u solvent tor celluiose, varnisli and .shellac 
and is cmidoywl in the artificial leatlicr, pliotoRraphie film, paint 
and perfume inanufaeturing industiics. It causes an irritating 
dermatitis with the formation of \'csiclcs. Pustules develop from 
secondary infection in the damaged tissues. 

Calcium Chloride.— Chloride of lime is a constituent of bleaching 
powders. It is used in the manufacture of chloroform and chlorine 
disinfectants. Contact with this silt is also met with in its own 
manufacture. It acts as a caustic on the skin and chlorine lil)erafcd 
from it is irritating to the eyes. 

Calcium Cyanamid.— Tliis is a relatively new compound used in 
the manufacture of ammonia, nitric acid and fertilizer. The dust 
and powtler has a rapid corrosive efiect on the skin and even a few 
iiours contact with it will result in a .severe ilcrmatitis. It ha.s great 
penetrating powers and cati produce an inflammatory cellulitis which 
ha.s a strong tendency to necrose and ulcerate. General absorption 
takes place tlirough the damaged skin which has the effect of pro- 
ducing a dangerous sensitization of the blood-vessels to alcohol. 

Calcium Hydroxide.— A caustic alkali whith in strong solution 
burns the skin by direct clicmical action. 

Carbon Tetrachloride (Tetrachlormethaae).— Tetrachlormethane is 
a solvent for gums, resins and fats and for this reason is used in the 
rubber industry where it has largely displaced carbon disulphide. 
For the same reason it is employed as a cleaning fluid to remove 
oily mixtures. It is an active ingrc<Iieut of pyrene, a fire-extin- 
guisher. 

Although most poisoning results from inhalation of the gas it 
acts as a solvent of the oil on the skin and prodiicc.snn cr.ithematous 
dermatitis. This occurs largely among those using liquid prepara- 
tions which come in contact with the hands ns in cleaning cstal>- 
lishinents and those cngagetl in cleaning machinery. 

Chlorine.— Chlorine gas is liberated from its loose combination 
in clilorine salts useil as bleaching agents or the manufacture of the 
gas itself or other chlorine compounds. Any of the industries using 
bleachers, such as paper manufacturing, present n chlorine hazard. 
Chlorine In gas or solution is used by photographers, the makers 
of tear-gas, zinc cljJoride, bromine, brooms^ ink, iodine, disinfectants, 
rubljcr su!)stitute.s and soda. 

Clilorine is an intense conjuncthoil irritant and produces profuse 
lachrymation and blepharospasm. It is also irritating to the skin 
and causes an acneiform eruption called chloracne. There is some 
doubt as to the true nature of this reaction some believing that it is 
due to the tar in chlorinated tar products. 

Chromivim.— Chromium compounds are used as mordan^ in 
cloth dyeing and cloth fillers, as a paste on copper plates in photo- 
engraving, in tlie manufacture of glass, enamel, polishes, rublier 
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mixers, pigments and dyes, ink, blueprint paper, and other photog- 
rapher’s supplies. Workers come in contact ith it in the manufac- 
ture of tile chemical compounds themselves and in the acetylene and 
anilin industries. 

Chromium is a direct chemical poison to epidermal and epithelial 
cells and produces tissue sensitization. 

On the skin it produces necrosis and ulceration ^\ ith the formation 
of deep pits extending into the cutis. These ulcers are commonly 
spoken of as “chrome pits” or "chrome holes.” In the nose the 
ulceration njay in\*oJve the cartilage with marked destruction and 
perforation of the septum. The finger nails, knuckles, and toes 
are commonly affected. 

On the larger skin surfaces with less moisture and traumatism it 
causes an eczematous eruption. It is irritating to the conjunctiva 
and not infrequently causes chrome sores on the eyelids. 

Coal-tar. Dyes. — With few exceptions the finished dyes made from 
coal-tar are non-poisonous. This is in sharp contrast to the unfin- 
ished products ^\hich are notorious skin irritants. 

Those dyes reported as producing dermatitis in their completed 
state are Jlartius or Manchester yellow (dinitronaphthol), Metanil 
yellow, orange II, sulphur black, new blue II (echtmorineblau), 
methyl ^’jolet and methyl green. 

Tlie skin disease probably occurs only in susceptible individuals. 

Copper.— Hamilton describes a copper dermatitis caused by an 
amorphous precipitated copper in a special paint used for covering 
the hulls of ships. 

The skin irritation is of the nature of prickly heat and occurs 
chiefly on the scrotum, popliteal space, and axilla. It causes some 
inflammation in open cuts. 

Creosote. — Creosote is a mixture of crude phenols obtained from 
the distillation of wood-tar. Its greatest use is as a wood preserva- 
tive and termite deterrent. 

Contact causes er.%'thema but if it is prolonged there results a 
superficial necrosis follow e<I by secondary changes in the form of 
cracks, fissures and pustule formation. Creosote irritation of the 
fiands IS met with commonfj in bridge and dock workers who hand/e 
creosoted piling. Carpenters and builders also come in contact 
with it in impregnated shingles and wood beams. 

Cresol (Hyioxytoluene).— Cresol possesses the same irritating and 
caustic properties toward the skin and mucous membranes as 
phenol to which it is closely related. Opportimities for contact 
burns occur in coal-tar workers, cresol makers, soap and disinfectant 
manufacturers, dje makers, fumigators, synthetic perfume makers, 
rubber workers, and in tar distilleries. 

Cyanogen.— Cyanogen poisoning, so far as its effect on the skin 
is concerned, occurs in the manufacture of its compound, cyanogen 



270 rOlSONS ACQVUlliD BY SKIN AND OTHER TISSUES 


dtlorldc, and the use of the latter in industrial processes. Jiuoli of 
the local effect is due to the presence of the chlorine radicle. It 
produces cdeiiia of tlic cyelith, conjunctivitis and simple dermatitis. 
Cyanogen coinp<niu(ls are employed in many trades using gold and 
silver, such as jewelers, gilders, metal polishers, mirror makers, and 
gold refiners. 

Dimethyl Sulphate.— This ester of sidpliiir is used to make di- 
methylanilin in the dye industries. It is poisonous to the skin by 
virtue of its strong wrrosive action. 

Dinitrobenzene.— Ilinitrohenzene t'olatilires at room temperature 
and can he nhsorhed through tlie normal skin, producing general 
poisoning. It is one of the important couhtar derivatives used in 
the dye industry and the manufacture of explosives. 

TJie local cfTcct on tlic skin is a mild dermatitis. 

Dinitrochlorbenrene.— 'lids is a coal-tar derivative used in the 
inamifacturc of sulphur hlack. Hamilton stales that it has probably 
caused more dermatitis than any other compound usctl in coal-tar 
(Ijc manufacture. 

The irritation of the .skin first makes its appearance with itdiing 
in the bends of the knees and ellmws. Er.vthcina and swelling occur 
from the coalcacciK-c of small punctate elevated spots. A similar 
(slcma may occur in tlic eyelids. I’rolongcd irritation results in 
eczema. 

Dlnitrooaphthol. (See Coal-tar Dyes.) 

Ethylene Compounds.— The oxl<le and dichloriile of ethylene are 
solvents of fat.s and oils and arc used as intermediate substances in 
the formation of other solvents. 

Ethylene compounds when volatilized produce a simple irritant 
cofijunctivitis. 

Formaldehyde. — FormaMehyde ns a gas, or in solution ns formalin, 
i-s an irritant to the skin and conj»mctiva. On the bkin it acts as a 
hardener an<I dryer with the protluction of a rough drj' dermatitis. 
It may involve the nails and result in almost complete destruction 
of them. It ma\ produce necrosis of the conjunctiva. There is 
apparently a sensitization to it wliicli increases with repeated e.\'po- 
siire. 

Formalin is a ctimmon disinfecting solution and dermatitis may 
restdf <htnng its in.'inufsctiirc as wcU as m its use. Jt is used iu the 
manufacture of bakclitc and urotropine (hexamethylenetetramine) 
and severe dermatitis from it is not imcommon in these industries. 
Formaldehjde is also employorl in bleaching atid printing proresses, 
etcliing and photography, embalming, leatlier tanning, and in tlie 
manufacture of artificial silk, rubber, soap, ink, dyes, paper and 
explosives. 

Gasolme. (Sec Benzine.) 

Hexamethylenetetramine. (See Formaldehyde.) 
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Hydrochloric Acid.— Ilydrocliloric acid is a strong corrosive acid 
which produces severe skin burns by its immediate destruction of 
epithelial cells. (See also Suicidal and Homicidal Poisons: Hydro- 
chloric Acid.) 

Burns from this acid may occur in many industries and trades 
where it is manufactured or in use. 

The occupations listed by Kosenau which offer exposure to hydro- 
chloric acid are; acid mixers and recoverers, acid transporters, alkali 
salts makers, ammonium salt makers, aniline makers, artificial silk 
makers, dry battery makers, bleachers, bronzers, calico-printers, 
camphor makers, shoddy carbonizers, cartridge dippers, cement 
makers, chlorine compound makers, dye makers and dyers, electro- 
platers, enamel makers, engravers, etchers, fertilizer makers, gal- 
vanizers, glaze mixers, glue makers, ink makers, jewelers, leather 
workers, lithographers, metal cleaners and refiners, paint makers, 
paper mill \\ orkers, petroleum refiners, phosphate extractors, photog- 
raphers, metal picklers, pottery workers, rubber reclaimers, soap 
makers, solderers, sugar refiners, tannery workers, tinners, trans- 
parent wrapping material workers, vignetlers, wire makers and 
zinc chloride makers. 

Hydrofluoric Acid.— This acid is used in etching and finishing 
glass and in the extraction of aluminum, gold, phosphorus and 
silicates. It is also emplo.\ ed in bleaching and dyeing processes and 
the manufacture of fertilizers. 

Hydrofluoric acid is a strong caustic and produces burns, necrosis 
and ulceration of the skin. When volatilized it irritates the conjunc- 
tiva and nasal mucosa and if in strong concentration causes necrosis 
of these tissues. 

Kerosene. — Kerosene is one of the heavier petroleum distillates 
and is used in industry as a general cleaner for the removal of oils 
and greases on machinery and old type and printing press rolls. 

Kerosene cuts the oil of the skin and then irritates the unpro- 
tected epidermis. Further changes in the deeper layers of the epi- 
dermis result in acne or eczematoid dermatitis. There is a general 
drying out of the skin due to the removal of the fat as q^uickly as it 
is formed by the sebaceous glands. Irritation of the gland ducts may 
result in the formation of retention cj'sts, pustules and furuncles. 

Lacquer.— Lacquer used in the trades produces an obstinate 
recurring dermatitis in susceptible individuals. It is a solution of 
the gummy exudate given off by the lacquer-tree {Rhus remicifers). 
The solvent is most frequently amyl acetate, benzene or tetrachlore- 
thane. Some of the skin irritation is due to the solvents but there 
is also an allergic reaction to the lac itself. It is manifested by the 
development of edema of the skin and the appearance of a papular 
eruption. 
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LncfUKT dermatitis may occur hi those occupied in collecting th 
raw lacfiuer or using it in its tnicie /orin ns a ^'arnis}], paint base o 
filler. 

Lead.— The circct of lead on the .skin itself is insignificant bu 
there is evidence that it may be absorbed through the skin an< 
produce chronic lead poisoning. Ilainilton states that lead mus 
be absorbed very sloivly but under the conditions in which painter 
are wiinscd to large amounts smeared on their hands and arms fo 
long periods of time it cannot be denied that there Is some possibil 
ity of poisoning. 

Mercury.— Metallic mercury in the form of tinv globules cai 
enter the open ducts of the sweat glands and travel along the hai; 
follicles to the vascular layers of the skin from which they an 
carried away Ijy the Icukocj'tes. The mercurj’ may nrri\'e at tin 
skill surface through direct contact with the metal by ore and mer 
fury haudlcrs, nr by its presence in volatile form in the air. ^tet' 
cury imprvgnatctl in workers’ clothing may ruh off on their owi: 
skin or the skin of others who handle their clothes. Volatilized 
mercury is found in the air around ore smelters and many trades 
and industric.s w here tlio metal itself is used, such as in silver plating, 
mirror backing, gold, silver and platinum extraction, and the filling 
of thcrniomcters, barometers and other scientific apparatus. Vola- 
tilized mercury also alfccts the conjunctiva. 

Mercury salts, if ittsoliible, enter tbe skin in the same manner as 
metallic mercury. The soluble salts exert a direct toxic effect on 
the Uvtug cells and precipitate their proteins. The dermatitis is 
characterized by erythematous spots winch become patcJiy and 
eczematous. Necrosis ami uloeration may occur after repeated 
exposures or ei'cn a single exposure fn>m a concentrated dose. 
There is probably some sensitization in tbe chronic ca-ses and those 
who e-xliibit an idiosjTicrasy to it. Surgeons frequently arc unable 
to use bichloride of mercurj* solutions for sterilization because of a 
disabling irritation of this kind. 

Mercury absorbed through the skin and distributed by the general 
circulation results in mcrciirj’ poisoning in the same manner as 
when introduciHl through other channels. It is eliminated througji 
tile mucosa of the gastro-iiitestinal tract, tbe kidneys, and practi- 
cally every body secretion. 

A full list of the trades in wliich opportunities exist for contact 
with mercurj’ is given on page 156 (Poisons Acquired bj’ Inhalation: 
Merciu-y). 

Metanll Yellow. (See Coal-tar Djes.) 

Methanol (Methyl Alcohol).— Although it is believed that wood 
alcohol has no direct toxic effect on the skin it does act as a solvent 
of the protective fat and so exposes the dry epithelium to oth^ 
phj’sical and chemical irritants. It is directly irritating to the 
conjunctiva. 
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The question of tlie possibility of absorption through the skin 
has not been satisfactorily answered. Instances have been reported 
in which skin contact occurretl under conditions which almost com- 
pletely precluded the inhalation of methanol in toxic concentrations 
and yet the workmen developed tj'pical poisoning. 

Wood alcohol is an excellent solvent for gums, oils and resins and 
is widely used, though less than formerly, in shellacs and varnishes. 
The reported instances of skin contact poisoning occurred among 
Users and makers of these materials. 

Monochloracetic Acid. {See Acetic Add.) 

Mononitrobenzene (Oil o! Mirbane). — Oil of mirbane is a dye inter- 
mediate met with in the dye industries. When brought in contact 
with the skin it is almost immetliately absorbed and produces general 
intoxication. The skin is unalTected. 

Naphtha. (See Benzine.) 

Naphthol. (Sec Betanaphthol.) 

Nitric Acid.— Nitric acid is a corrosive liquid which gives off 
acid nitrous fumes when exposed to the air. The acid itself pro- 
duces a chemical burn with necrosis of the tissues and ulceration. 
The gas may cause ulceration in the nose and mouth when a worker 
is exposed to it over long periods of time. 

Industrially, the acid is encountered in the manufacture of cellu- 
loid, gun cotton, nitrocellulose, nitroglycerine, picric acid and trini- 
trotoluene. It is also used in etching and metal pickling. 

Nitric acid burns generally result from accidents in laboratories 
or broken or faulty fi.xtures in industrial plants. 

Nitrochlorbeazeae. (See Dinitrochlorbenzene.) 

Nitroglycerine (Glyceryl trinitrate).— Nitroglycerine produces a 
dry dermatitis and the formation of rhagades (Rosenau). It is 
readily absorbed through the skin and produces a general intoxica- 
tion. 

Exposure to this substance occurs In the process of its manufac- 
ture and in those who handle the product in fflling shells and making 
munitions and explosives. 

Nitrosobetanaphthol.— This substance is used in the production of 
H acid, and gives rise to a dermatitis. 

Nitioso Compounds. — Most of the nitroso compounds are skin , 
irritants which produce a trade dermatitis characterized by ery- 
thema and vesiculation. This is attributed largely to their fat 
solvent action on the skin. 

The nitroso compounds arc intermediates in the dye manufac- 
turing indu-itry and skin poisoning from them makes up a consider- 
able proportion of industrial claims arising in the industry. 

Oils (Cutting and Lubricating Oils) (Coal-tar Oil, Petroleum Oil, 
Paraffin and Shale Oil). — These mide and prepared oils have a wdde 
use in all industries w here fats and other oils and greases are in use 
or in process of manufacture, and for the lubrication of machinery 
18 
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in general. Workers among these products can hardly keep fror 
smearing their hands and arms and often other parts of their hod. 
with tlie oily substances. Contact with them cK:c\jrs also in thei 
oun manufacture and in making by-products from them. 

K mechanical factors and the effects of other associated chemica 
irritants can l>e ignored the oils themselves are still capable of pro 
ducing lesions in the skin. Most of them however are fat solvent 
and hy thus removing the protecting oils of the skin, leave it dr; 
and open to other factors, such ns temperature, traumatism am 
iafectian. 

Tlie occlusion of seliaceous duets and accumulation of these fattj 
materials in the skin form “p.araflin lumps.” They are not thi 
result of chemical irritation per te. 

Some of the heavier oils, such as tar and pitch, probably initiati 
sensitization uliich accounts for many aspects of tar acne. 

An une.xpinined irritant activity callc(l auxitic action is seen ir 
prolonged injury from tar. It reaulla in the development of plaqiicf 
and uarty growths and occasionally the development of malignanl 
cliangcs (cancer), 

Orange H. (Sec Coal-tar Dyes.) 

Oxalic Acid.— Tiiis Is a caustic acid which produces skin burns 
but of a less severe character than those of the mineral acids. 
Ifcdness and blistering are the common results of its direct contact 
with the skin. In low concentration anti freqvjent exposure it 
produces a dr.v erythematous derin-atith. It produces bluish dis- 
coloration and brittleness of the nails. 

Paraffin. (See Oils: Cutting and Lubricating.) 

Paranitianilin.— One of the dye intermctliafes used in the manu- 
facture of sulphur and azo dyes and para red. 

The dust of this material accumulates on the skin and produces 
a hurning, itching eruption. It is capable of being absorbed through 
the skin and producing serious intoxication. 

Paranitrophenol. (See Xilroso Compounds.) 

Paranitrosodimethylamlin. (See Nitroso Compounds.) 

Paraphenylendiamin. (Sec Quinoiic dichlordiamln.) 

Phenol (Carbolic Acid). — The effect of phenol on the skin is that 
of a chemical burn. It results accidentally in industry through 
defective apparatus or careJessness on the part of the workmen. 

Phenol is readily absorbed through the unbroken skin and pro- 
duces the s.NTnptoms of phenol poisoning. This occurs most com- 
monly after large accidental burns from the strong acid. Clironic 
e.xpnsure to small amounts of this acid produces erosion of the skin 
and eczema. This occurs in the paint, disinfectant and dye making 
industries and where carboys and containers of the acid are in use 
and constantly being handled. 
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Phenyl Hydrazin.— Hamilton records the occurrence of a trade 
dermatitis among handlers of this dye intermediate in a plant en- 
gaged in its manufacture in Germany. 

Picric Acid. — Picric acid is used in making dyeSj explosives, 
fireworks, photographers’ supplies, smokeless powder and tear gas. 
Workers coming in contact with it develop an inflammatorj’ derma- 
titis. 

Pitch. (See Oils: Cutting and Lubricating.) 

Potassium Hydroxide.— Potassium hydroxide is a strong caustic 
which destroys the epidermis by softening and dissolving the keratin 
in the superficial layers, and by dehydration. Burns with this power- 
ful alkali are likely to he deep and persistent. 

Potash is used in fat rendering and the making of soaps. It is 
employecl as a bleacliing agent and in the manufacture of safety 
matches and oxalic acid. 

Pyrogallic Acid (Pyrogallol, Trihydroxyben 2 ene).~A hydroxy 
derivative of the benzenes and closely related to phenol. Hamilton 
states that it is more toxic than phenol but that no poisonings from 
it have been reported in the United States. 

It is used in the manufacture of gallocyanin. 

Quinone Dichlordiamin.— Olson' states that the dermatitis occur- 
ring in the use of fur and hair dyes containing paraphenylendiamin 
is not caused by this chemical but a mid product called quinone 
dichlordiamin. 

Shellac. (See Amjl Acetate and Methyl Alcohol.) 

Sodium Bichromate. (See Chromic Acid.) 

Sodiiim Hydroxide.— A caustic alkali which burns the skin by 
destroying and dissolving the epidermal cells. 

Occasion for exposure exists among artificial silk w orkers, bleach- 
ers and mercerizers, oil refiners, paper makers, soap makers, tannery 
workers, transparent wTapping material workers and in the manu- 
facture of the alkali itself. 

Sulphuric Acid.— A strongly corrosive acid which destroys the 
tissues of the skin and mucous membranes by its powerful dehy- 
drating and carbonizing action. 

Sulphuric acid is one of the most widely used of all industrial 
chemicals because of its oxidizing and reducing qualities. It also 
has broad solvent properties which find many applications. Bums 
from sulphuric acid are generally accidental, or from the effect of 
one of its volatile oxides on moist skin surfaces. 

Tar. — In addition to the production of tar acne and dermatitis 
(See Oils: Cutting and Lubricating) this heavy distillate possesses 
some chemical constituents^ which have a stimulating effect on 
epithelium. (Wells, Chemical Pathologj'. Philadelphia, W. B. 
Saunders Company, 1920.) 

> Olson, G. M ' Jour Am Mod. .^ao., 66. S&l, 1016 
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Kciinaway lian dcinonstrateil that the sthnulatinp materials wliitli 
seem to initiate mnliRiiant cliaiipcs arc present in the fractional 
distillate obtained by boilinj: at 4U0 to JjOO® C. and that they appear 
to be in the crude creosote oil and antliraocne oil complexes. 

K^erimental cancer can he produmJ readily in tlie skin of sus- 
ceptible animals by the application of tar, pitch and soot under 
controlltsl conditions. It is found that all tars are not equally 
malignancy producing. Of those met with in the industries, Wells 
states that piis-worka tar is most active folinned successively by 
shale oil anti petroleum. 

Chitnney-swecji cancer of llic scrotum is attrlbutcil to the con- 
tinucfl action of inechanit'al irritation and some chemical constitu- 
ents in soot. 

Iloseiiau lists the oc-ciipations in which exposure to tar and tar 
jirodiicts exists ns follows: Artificial stone makers, asphalt workers, 
dry battery makers, briquet makers, chimney ssscepers, coal-tar 
workers, coke oven uorkers, coni makers, creosotinp plant workers, 
electrode makers, flue cleaners, illuminating gas workers, insulators, 
tar painters, paint makers, paraffin makers, pavers, petroleum 
refiners, pitcli workers, roofers, roofing paper workers, coal-tar still 
cleaners, tar workers, and wood prcscrx'crs. 

Tetrachlormethane. (See Carimn Tetrachloride.) 

Thallium.— Thallium has lieen recovered from the dust of ores 
used in tlie manufacture of sulphuric acid.’ The salts of this cle- 
ment arc used in depilatory p.a.s(cs and their manufacture Is attended 
with some degree of e.xposure to the thallium. A further opportun- 
ity for poisoning exists in the incautious handling of thallium poisons 
used against rats and other rodents. 

The use of thallium salts in ilepilatorics and pastes applied to the - 
skin has demonstrated that it can l>c absorbed through the epidermis 
and produce systemic poisoning. Damage to the epidermal tissues 
is represented by the falling out of Imir. 

TUocarbanilid (Diphenylthiourea).— An important accelerator used 
in the rubber industry. Tlie gases of tins compound produce a 
troubIe.somc stinging of the ejes. 

Trichlorethylene.— This is a benzene sulistitute use<l as a fat 
solvent in immitions manufacture, drj* deaning and in the rubber 
industry. It produces a smarting of tlie eyes and skin and some of 
the sj’steiaie symptoms, mostlj' <»f the sensory nerve tvpe, may be 
duo to skin absorption as well as inhalation. 

Trichlorphenol. (See Carlmlie Acid.) 

Trinitrotoluene (T.N.T.).— There are evidences that trinitrotoluene 

may produce general intoxication by absorption through the skin. 
This is supported by Ciishmann’s experiinenta! work on cats, and 
» Munch. J S.: Jour. Am. Med Asan . 102. 1929. 1934. 



IN THE TRADES AND INDUSTRIES 


277 


the reports on cases occurring in British and American munitions 
works and in American Dye Works.^ 

T.N.T. has no local effect upon the skin. 

Turpentine.— Oil of turpentine is a muctiire of oxidized products 
of terpenes obtained by the distillation of pine resins. 

It has a local effect on the skin characterized by hardening, drying, 
cracking and erythema. It is highly irritating to tlie eyes and mu- 
cous membrane of the nose. 

Oil of turpentine is readily absorbed througli the skin and pro- 
duces an intoxication with acute collapse in serious cases and, in 
milder poisonings, mental confusion, renal irritation with a smoky 
urine, vertigo, headache, and gastro-intestinal disturbances with 
nausea, vomiting and loss of appetite. Turpentine is used univer- 
sally in the paint and varnish industries and trades as a thinner of 
the slow drying paints, diellacs and varnishes. Contact with the 
poison may also occur among art glass workers, rubber cementers, 
calico printers, camphor makers, feather workers, linoleum makers, 
lithographers, millinery workers, patent leather makens, printers, 
sealing wax makers and tiupciitinc extractors. 

Urotropine. (See He.xamethv lenetetramine.) 

Varnish. (See Amvl acetate, Benzene, Xaphthol, Tetrachlorme- 
thane, Jlethanol and Turpentine.) 

Wood Alcohol. (See Methanol.) 

Xylene (Xylol).— Xylene is a fat solvent which is use<l interchange- 
ably ^ith benzene and toluene (see above) and in the same indus- 
tries. Owing to its fat solvent properties it causes a dry er.\’thema 
of the hands and arms which predisposes to secondary changes from 
trauma and infection. 

X,vlene vapor is intensely irritating to the e.\’es. 

Zinc (Zinc Chloride).— Zinc chloride acts as a skin caustic which 
burns and causes a peculiar ulceration characterized by an under- 
mined whitish eschar of necrotic tissue on a fibrous tissue base. 
This is said to occur when the skin has previously been broken by 
some slight injury such as a small cut or puncture wound. McCord 
and Killneri record the presence of such injuries in workers with 
wood preservatives in which zinc chloride is an ingredient. 

‘ Hamilton, A.; Industrial Poisons la the United Slates, New York, Macmillan 
Company, 1929. 

• McCord. C.. and Killner, C. 11 Jour. Am Med Assn., 76, 442, 1921. 
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rOISOXS ACQUIIIED UY TIIR SKIN AND OTIIRU 
rAllENTKnAL TISSUES (Co.vri.viTrn). 

IN GENERAL AND DOMESTIC CONTACTS. 

JIanv nrtk-le-s of cominercial and household ?jse contain chemical 
suhstniices capable of prjHlndnp lesions in the skin and mucous 
membranes. 

With the exception of a few caustic alkalies and acids, and irri- 
tating solutions, the majority of the harmful materials are incor- 
porated in fmisiied articles. A lat^je number of tlte chemical ingre- 
dients in these articles have Ik-cii eonshlcred in the previous section 
where they were <lc*alt with as sourevs of poisoning in trades and 
industries. In tlic present chapter they w ili be discussed from the 
point of view of the article of which they are a part rather than as 
chemical entities. .Mso dealt with in tins section are certain animal 
and plajit substances winch are iwtsonons to the skin In either their 
natural state or after fahriention. 

Adhesive Plaster.— The ingre*licnts of the adljeslve substance 
used ill adliesi\e plaster cause an allergic dertnatitii in sensitive 
individuals. 

Amlin Dyes. (See Coal-tar Dyes and Hair Dyes.) 

Asparagus.— Produces an allergic dermatitis by contact. 

Bakebte.— Although the formaldelijde and plienol which are 
combined to make this piwJiict are not in a form to produce injuiy 
in the non-sensitized individnal, the finished product acts as an 
allergen to some people and causes an allergic dermatitis. 

Bakclite is used to make such articles ns cigar and cigarette 
holders and case.s, cosmetic l)Oxcs, combs, small boxes and con- 
tainers, ornaments, and many other ctmunon per'^onal and household 
objects. 

Bleaches. — Domestic bleaching agents contain oxalic acid, sodium 
or potassium hydroxide, acetic acid or ammonia. These are all 
simple caustics and tlieir prolonged use may produce mihi bums or 
dermatitis. The alkalies remow the oil from the skin and make it 
<lry and rough and predisposed to the action of other irritants. 

Brass.— Sensitization to brass is found in individuals who develop 
a dermatitis under cheap jeweler}*, such as brass watcli cases, neck- 
laces and bracelets. The irritant ingredient is the zinc in the alloy. 
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Brine.— Cold, strong brine produces a dermatitis in those who 
immerse their hands in it frequently as is customary with fish 
dealers and picklers. 

Carbolic Acid.— This acid is a common ingredient of antiseptic 
soaps, vaselines and disinfectant solutions in household use. Some 
persons are sensitive to even the small amount in these articles and 
develop a dermatitis from their use. 

Severe skin and mucous membrane burns may result from the 
use of stronger solutions. Strong solutions are highly dangerous 
when applied within the externa! auditor}' canal and vagina. 

Cashew Nuts.— Cashew nuts are listed by Eller and Schwartz' as 
plant allergens. 

Chrysanthemum. (See PjTethrum.) 

Cinnamon.— Produces sensitization dermatitis. 

Cleaning Fluids.- Cleaning fluids used for the removal of oil and 
grease spots from cloth contain such fat solvents as carbon disul- 
phide, kerosene, gasoline or some of the benzene derivatives. Their 
continued contact \\ith the hands results in a drj' dermatitis by 
removing the protecting oil of the skin. 

Oxalic and acetic acids or the caustic alkalies are used to remove 
rust, ink and similar stains and can produce skin irritation. 

Coal-tar Dyes.— Few of the finished coal-tar dyes are poisonous 
but Sulphur black, Para red, New Blue R and Quinone dichlor- 
diamin (a mid-product found in paraphenylenediamin-contaming 
dyes) produce allergic dermatitis. These dyes are used on furs and 
woolens especially and the dermatitis occurs where the articles of 
clothing come in contact with the skin. Such a dermatitis is to be 
suspected when it is found around the neck in women and on the 
body or feet of those wearing colored underwear and stockings. 

Com-remoTers. — Severe skin burns can result from the injudicious 
use of corn-removers containing acetic acid, bichloracetic acid, 
nitric acid and caustic potash. 

Cosmetics. (See Facial Creams, Lash-lure, Lipstick, Manicuring 
Preparations.) 

Cottonseed Oil.— Cottonseed oil in use as an ingredient of Wesson 
off IS a potentiaf affergic poison m susceptibfe mdividuafs. 

Cow-patsnip. — The juice of Ileracleittn. lanaium produces a derma- 
titis venenata similar to that of Japanese lacquer. 

Daffodil (Amaryllidacea). — Cases of skin allergy are reported 
among handlers of this plant. 

Depilatories.— Barium salts, sodium sulphite and thallium acetate 
are the common ingredients of commercial depilatories. Their 
excessive use may result in dermatitis which in hairy regions predis- 
poses to folliculitis. 

Dyes. (See Coal-tar Dyes and Hair Dyes.) 

• Eller, J. J., and Schwartz, L ■ New York Slate Jour Med , 35, 951, 1935 
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Fig (Drticace®).— Produces dermatitis In siisteptilde liaridlcrs such 
as prooers and fruit i)achcrs. 

Facial Creams.— Clcansinp creams eontnln notiiing hut inert oils, 
puraffiii and waxes and smuc scenting materials. 

Skin-fo(id creams generally liave mereniry, .salicj’Hc acid or lead 
incorporated in them. Tlie.se chemieais are potential irritants to nil 
skins and may also he ahsorlx'd through the skin. 

Flour.— Wheat flour dermatitis ixoiirs in milfers, bakers, anil 
domestic cooks wlio Live Wwme sensitive to it. 

Formaldehyde,— TJiis is n geiieml disinfectant uswl largely in 
litiuid form and produtes an ccreniatoiH dermatitis, j\Iany persons 
•levclop a dermatitis fnim the least exjjosurc to it. 

Freckle KemoTera. — Coniinerdnl freckle removers owe their 
noxious qualities to mercury or hisniiitli, each of which is a .skin 
irritant and potential general poison after absorption through the 
skin. 

Fur.— Animal furs possess irritating properties to tlie skin aside 
from any chemicals used In their preparation and dyeing. They 
produce an allergic dermatitis. I’lir Mslies are more common 
about the neck where the hair como.s in proJoiigctI contact with the 
skin. 

Gasoline. (See Cleaning I'lulds.) 

Geranium.— Geranium plants cause allergic dermatitis among 
florists and any susceptible Imlivhltials who Jiandle them. 

Glue.— Glue produces an allergic reaction characterized by 
cflcma in sensitive .sulijects. 

Goat Hair.— Sensitivity to goat hair has been observed in veferi- 
n-nrians and farmers. It pro<lua*s an ec7cmatoiis skin reaction. 

Golden Rod,— Golden rod dennatitis is caused by the pollen-of this 
flowering plant. 

Ouinea-pif Hair.— A derroatitis of allergic type occurs in suscep- 
tible individuals among laboratorj' workers, pet breeders and others 
who come in repeated contact with these animals. 

Hair Dyes,— Silver nitrate, aniline derivatives such as paraphenyl- 
enediamin, pjTogalloI, and henna, are used to change the hair 
color but in so doing prcKhice in some instances an irritating and 
often severe dermatitis of the scalp and frequently also of the face 
and neck. 

Oxalic acid and potassium cy'anid are sometimes incorporated 
in hair bleaches and pos.sess possibilities of serious consequences.^ 

Hair Tonics. — The allegedly beneficial ingredients of hair tonics 
are quinine, lead, sulphur, bismuth, arsenic and salicylic acid m 
alcoholic or scentetl aqueous media. Each of these is capable of 
irritating the scalp and the whole .solution not infrequently inter- 
feres with the proper function of the fcehacco\»s glajwls and predis- 
poses to other forms of flcrroatitis. 
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Hops (Cannabmacea).— An allergic dermatitis is reported among 
}iop pickers and handlers who have develope<l sensitization to it. 

House Dust.— House dust is a complex of organic and inorganic 
matter which has become shredded and powdered into a hetero- 
geneous mixture. Owing to the presence of hair, v\ool, leather and 
other organic particles it can produce a dermatitis in those who have 
become susceptible to any of these materials. 

Lacquer {Rhus ternificera).— Japan lacquer is a gummy exudate 
of the Japanese lacquer tree in a solv'ent, such as amyl acetate nr 
one of the benzol derivatives. The gum lac is itself capable of pro- 
ducing dermatitis venenata. Sensitization has been found in indi- 
viduals who have been using materials covered with lacquer. 

Many cases uere reported from the use of Mah Jhong counters 
when this game came into vogue in the Occident. Dermatitis of 
the gluteal region has been reportc<l from the use of lacquer on 
toilet seats. 

Lashlure.— The harmful dye in lashlure is paraphenjlenediamin. 
In sensitive subjects it produces an itching and burning of the eyes, 
conjunctivitis, ^ema of the lids and erj'thema of the whole peri- 
orbital region. Corneal ulcer ma\ ensue and if the poisoning has 
been intense the process may continue to the point of complete 
loss of vision and possibly destruction of the eye itself. 

Lipstick.— The only potentially irritating ingredient of lipstick 
is cantharium which may rarely produce a cheilitis with edema. 
Burnt sienna and carmine are inert so far as harm to the skin is 
concerned. They are incorporated in a stick made of wax, lard 
and oil of theobromine. 

Leather.— L.eather is productive of dermatitis only when it con- 
tains some substance capable of causing irritation. Such may be an 
anilin dye, a nitrocellulose coating, tannic acid, preservative, or 
various oils or greases used for softening. Leather slippers, and 
wrist watch bands are the chief offenders because of their close 
contact with moist skn. 

Mango. — This fruit produces an intense pruritus with erythema 
in susceptible subjects. 

Msmc22riiig PrepaiatioDS. — Cuticie removers depend for tlwir 
effect on sodium hydroxide which acts as a solvent of keratin and 
softens the cuticle so that it can be loosened from the nail and pushe<l 
back. 

The liquid nail polishes are colored solutions of benzoin in acetone 
or cellulose acetate. Some individuals may develop sensitivity to 
benzoin after a prolonged period of use. 

Marigold (Ranunculace®).— Dermatitis venenata occurs in liyper- 
sensitive individuals who even handle these flowers. 

Match Boies and Matches.— The sulphur ingredient of the striking 
surfaces of match boxes and the phosphorus in tlie old fashioned 
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strike-anyuliere niatciica arc skin irritnnts ttJiicIi produce a chemical 
dermatitis. 

Nettle (Urtica dicnca).~Th€ stinpng nettle causes an itcliing 
.stinging erythema \\itli urticaria in most persons. 

Nickel.— Nickel dermatitis results from the contact of such arti- 
cles us spectacles, bracelets, necklaces, and watches which contain 
this metal in an alloy. The commonest nickel alloy in general use 
is white gold. Dermatitis may also result from the nickel in coins. 

Oil of Bergamot—Oil of Uergamot is sometimes used in toilet 
waters and j)erfumes. Wlien it is exposed to sunlight on the skin 
it produces a disfiguring pigmentation. 

Orange.— Orange dermatitis occurs occasionally among fruit 
hniidlerb and packers. More rarely individuals who are h.vpcr- 
.sensitlvc to it develop a dcnn.atitis from peeling a single fruit. 

Orris Root.— Orris root is a r«>mmon ingredient of face ponders 
and is productive of manj eases of cc?einatous dermatitis. 

Paint Removers.— Household {laint removers contain such sol- 
vents as turpentine, acetone, amyl acetate, sodium and potassium 
hydroxide and methanol. AH id these remove the oil from the skin 
and their use almost demands that the hands at least become 
saturated. As a result the skin becomes red, dry and cracked, 
mistering and mild burns may result in those with .sensitive fine 
skins. 

Phenol. (See Carbolic Acid.) 

Poison Ivy fo.ti««fcH<froii). 

Poison Sumac (IViiia rencnala). 

Poison Oak ilihux diversthba).— These three plants contain phjio- 
toxiiis whicJi have a specific action on the skin with the production 
of an itching, burning, erythema with vesicuJation and e<lema. 
The active principles arc believed to be complex phenols but this 
has not yet been definitely proven. Whatever their nature may be 
they are > olatile and capaWe of being carried on air currents so that 
highly susceptible persons may ilevelop dermatitis venenata simpl}’ 
by passing in the ueigliborhood of these plants. Their spe^c 
nature is suspected by the development of immune bodies against 
them. 

Primrose {Primula ahrmiica; P. sinensii ). — Primrose emanations 
produce an eczematous dcrm.atitis with urticaria. SUn sensitiza- 
tion is believed also to result hi a general tissue involvement which 
reveals itself more particularly in the gastro-intestinai tract. 

Pyiethrum (Chrysanthemum).— Pj'rethrum powder is used ns an 
ant and vermin deterrent and is bunierl in antimosquito “incense.’ 
Susceptible persons <levelop a dermatitis from powders, pastes or 
liquids containing pjTethrum or from the smoke given off when it is 
burned. 
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Ragn^eed.— Ragweed dermatitis results from the deposit of pollen 
on the skin of susceptibles. 

Resin.— Occasional instances of allergic dermatitis are found in 
handlers of pure resin or resinous wo(^s. 

Rouge.— Rouge is a chalk and zinc oxide mixture. It probably 
rarely produces a dermatitis. 

Rubber.— The handling of rubber goods causes urticaria and 
edema most likely as the result of some ingredient such as hexa- 
methylenetetramine or aniline. 

Scourers.— Enamel bon I and sink cleaners depend in part on the 
scouring effect of finely divided gritty earths and the chemical 
action of hydrochloric acid, sulphuric acid, and sodium or potassium 
hydroxide. They are all direct chemical irritants and the last two 
remove the oil on the skin surface in addition. 

Shoe Polish.— The occasional instances of dermatitis brought 
about by shoe polish are mostly due to sensitization to the acetic 
acid which it contains or one of the anilin group of coal-tar products. 

Silk.— Pure silk produces a hypersensitive dermatitis in persons 
allergic to it. 

Silver Polish.— The danger to the skin from the use of silver polish 
comes from the caustic action of one of the mineral acids (sulphuric, 
hydrochloric, nitric) oxalic acid or silver nitrate. 

Soap.— The too free use of soap removes the protecting oil of the 
skin and leaves it dry and subject to other irritating agents. Strongly 
alkaline soaps may themselves be irritating and earbolized soap 
may produce a dermatitis venenata. 

Timothy.— Timothy pollen produces an allergic dermatitis in 
susceptible persons. 

Toilet Water. (See Oil of Bergamot.) 

Tobacco. — Skin sensitization to tobacco is found occasionally 
among smokers but more often among workers in leaf tobacco and 
cigar and cigarette makers. It causes a sensitization dermatitis. 

Varnish.- Varnish dermatitis results most frequently in those 
who apply it in a liquid state but some few’ individuals have such 
high suceptibility to it that they develop an eczematous patch 
where their hands or arms come in contact with it on such objects 
as table and desk tops and other articles of furniture. 

Wart Removers. — Wart removers contain such powerful caustics 
and corrosives as acetic add, bichloracetic acid, silver nitrate, and 
nitric acid, all of which are capable of producing severe burns. 

Woods.— Wood dermatitis is an allergic erj’sipeloid response, 
frequently with vesiculation, from such woods as boxwood, camphor, 
chestnut, ebony, eucalyptus, lacquer tree, mahogany, redwood, 
satinwood, teak, Brazilian walnut and rarer exotic woods from the 
tropics. Although the dermatitis is seen more commonly in those 
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wlio Jiandle frcslt cut woods niid are cxpj)sc(l to their dusts there 
arc those >Yho ate sensitive to finisiieil (but not coatctl) articles 
made from them. It Is frcrmcntly repeated tliat the woods giving 
rise to dermatitis are mostly of the tropical varieties. Volatile 
substances from growing trees or p:irticfes given ofT from them may 
be carried tliroiigli the air and pitKluce dermatitis venenata without 
the person coming in direct ctuitact with the tree. Senear* in a 
review of the literature reconls the .suspectw! noxious principles in 
the various woods to lie noii-rcsiiious fatty acids, alkaloids, ghieo- 
sides, acids, sapoiuns or phenol. Tl>cy are contained in the saps and 
resins of difFcront parts of the woody structures including tlie hark. 

Wool— Wool most commonly produces dermatitis from its use 
in articles of clothing w<»rn next to the skin. It is a sensitization 
•Icrmatitis, characterized by intense itching and the appearance of 
eczematous patches where the clothing is tight. Wool handlers 
and workers witli woolen materials may get eczematous patches 
from lint which has worktsl tlmmgh their clothing or lieneath 
collar and waist bands. 

Wheat. (See Flour.) 

White Gold. (Sec Nickel.) 

' SenMr. F. r. Jmir Am Mwl. Amu . 101, J527, lOtt 
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POISONS ACQUIRED BY THE SKIN AND OTHER 
PARENTEIUL TISSUES (Concluded). 

IN MEDICINES AND PHARMACEUTICAL PREPARATIONS. 

Individual idiosyncrasy to drugs, their misuse by self-medica- 
tion, and faulty prescribing and treatment by physicians, account 
in large measure for poisoning l>j the application of medicaments 
to the shin or their parenteral adminbtration. Since all drugs 
capable of being given by one or more of the methods of injection 
fall i^ithin this classification it is nccessarj- to refer the reader to 
standard v,orks on pharmacologj-, therapeutics and toxicologj’ for 
their fuller consideration. 

The present discussion uill be limited to the outstanding exam- 
ples of poisoning acquire<l from these sources, 

A wide variety of pastes, ointments and lotions are put up by pha> 
maceutical houses and many of them contain substances of a poten- 
tially poisonous nature. They can be purchased without prescrip- 
tion and their use is guided only b\ the directions on the bottle or 
enclosed circulars. The users are in no position to determine the 
possible effect of using them wTongly or of recognizing untoward 
results when they occur. 

Arnica Rubs.— Arnica rubs are used for almost all varieties of 
so-called rheumatic and nerve pains. In susceptible individuals it 
produces a distressing dermatitis. 

Arsenic Pastes.— Arsenic pastes use<l over a period of time are 
not only destructive to the skin but initiate malignant changes 
through the auxitic effect of arsenic. Arsenic may also be slowly 
absorbed through the skin surface. Arsenic preparations are highly 
irritating and necrotizing to subcutaneous tissues. Serious con- 
sequences may follow the injection of arsenic outside of the vein 
when attempts have been made to administer it intravenously. 

Bichloride of Mercury. — Bichloride of mercury is prescribed or 
purchased in liquid preparations for general disinfecting purposes 
and as vaginal douches. Aside from the possibility of general mer- 
curial poisoning following its prolonged use on mucous membranes 
it produces a dermatitis in those hj-pereensitive to it. Not infre- 
quently doctors and nurses find themseh-es unable to use bichloride 
washes for sterilizing their hands because of the development of a 
cutaneous reaction. 

Mercury in ointments is irritating to some skins. \Mien inju- 
diciously used in large amounts on the skin surface there is a high 
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l)r()l)ahility^ of (lcvcloi)ing some degree of general intoxication. 
While tlii-} i”, being w-ritten the niitlior has under observation a man 
who flcN'cloped severe niercurialism by rubbing in at one time all 
of a 2-ounce prescription of blue ointment for the treatment of 
pediculosis. Mercnrialism may result from too large or too intense 
exposure in mercury vapor Imths. 

Chrysarobin.— Clirysnrobin is prescrilxxl for many varieties of 
skin lesions but is very irritating to sensitized skins. 

Carbolic Acid.— Carbolic acui is rllspcnscd aa a general antiseptic 
and is incorporated in many proprietary disinfecting and sterilizing 
fluids, soaps, and unguents. PJicnoI was formerly used for wet 
ilrexsings on cuts anti when left in place too long resulted in carbolic 
gangrene. Some imlividuals are .sensitive to it in even high dilutions, 
such as arc found in deodorizing ami disinfecting soaps. When 
phenol is applied over a large surface there is danger of absorption 
with damage to the khincy. 

Iodine.— iodine in the form of tincture or ointment may produce 
a dermatitis in sensitive subjects. ^Y}^en it is used to disinfect 
wounds the precaution should abva.vs lie taken to sec that it has 
dried k'forc it is covered with a rircssing as otherwise a serious 
iodine burn may result. Iodine is contmlndicatcrl as a preopemtive 
antiseptic on the skin of patients having an idiosyncrasy to it. 

Iodoform Powders.— Iodoform powders arc usnl on vaginal tam- 
pons from w Inch it may be absorlic*! and produce iodism. lodofonn 
also protluces rlcnnatitU in the presence of hliosyncrasy when it is 
used in dusting powders or ointments. 

Formaldehyde Washes.— Formaldehyrle washes cannot be tolerated 
by sskins which arc sensitive to formaldehyde because of its potenti- 
ality to pnxlucc a dermatitis. 

Novocaine and Procaine Dermatitis.— Kovocaine and procaine 
dermatitis are seen occasionally in surgeons and dentists who are 
susceptible to these local anesthetics. 

Turpentine.— Turpentine in stupes and liidnieuts may be produc- 
tive of a burning dermatitis. 

Chloroform.— Cliloroform may cause burns about the inoutb and 
face if these parts have not jircviously been protected by a mild 
cream or vaseline before administering the anesthetic. 

Butescin Picrate.— Butescin piewte is used in the treatment of 
burns, and although generally non-toxic, a dermatitis has resulted 
from its use in a few instances. 

IN ANIMAL POISONS AND VENOMS. 

Representatives of many orders of the animal kingdom possess 
secretions whieJj are poisonous when brought in contact with or 
introduced parenterally into the human body. These secretions 
are tlie products of normal pbysiolopc processes and although many 
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of them can be interpreted as w'eapons of offense or tlefense for the 
organism they need not necessarily’ be so. Some instances will be 
reviewed in which the secretions apparently do not serve any such 
purpose but are casual or accidental poisons for man. 

The number of animal poisons is less than the number of species 
possessing them because some poisons are common to several species 
or genera. The suspected or proven chemical nature of the poisons 
will be considered along with the discussion of the different animals. 
In general the toxic substances are grouped under the single head 
of Zootoxins. There is a growing belief that true zootoxins are those 
which are capable of producing specific antibodies. 

Zootoxins are colloquially spoken of as poisons and venoms, 
the latter applying more particularly to the poisons of the higher 
orders of the animal kingdom. They are all poisons by definition. 

Coelenterate Poisons. — The active principles in the stinging 
poisons of the jelly fish, Portugiiese-man-O’-war, sea anemones and 
coralline hydrozoa have not b»een positively identified. They all 
cause stinging or tingling sensations in the skin but the effect of 
the more powerful ones is better cliaracterized as burning. The pain 
in some instances is so great as to result in shock. 

The effect of the poison on lower forms of animals may be paralyz- 
ing but to man they are only skin irritants. In mild stings a punc- 
tate erythema develops along the points of contact which in the case 
of those species possessing tentacles may leave streaks of red per- 
fectly outlining the whip-like filaments. Jelly fish wdth their poison 
apparatus on the umbrella-like bo<ly leave large red areas. In 
some species the unknow-n poison seems to possess a pow'erful 
necrotizing effect. The writer has observed burns of this kind from 
jelly fish in the Gulf of Siam. In them all signs of the injury appear 
to be w ell cleared up on the fourth or fifth day whereas a day or two 
later, the area begins to turn brown and then black and by the end 
of the week has sloughed out leaving a non-suppurating ulcer which 
extends through all layers of the skin. No cases hav’e show’n evi- 
dence of systemic poisoning. In some varieties the poison produces 
erjthema and an urticarial eruption. AH severe stings are subject 
to secondary infertiojo. The .stinging mechanism in all of the ca'Jeii- 
terates consists of minute sac-like glands distributed over the body 
or along the tentacles suspended beneath. The sacs are double 
walled, the inner layer of whidi is produced by invagination of the 
outer lajer at the surface end or pore of the sac. The apex of the 
infolded inner sac is drawn out into a hollow filament which lies 
coiled up in the space between the two walls. The poison is con- 
tained in the fluid which fills this space and therefore bathes the 
spiral filament. 

The outer and inner sacs are called the cnidoblast and nematocyst 
respecti\ely. The neck of the double cyst projects at the surface of 
the body and is sensitive to toudi. When it comes in contact with 
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an object sncli as the skin tlie cyst is irritated and tlie nematocyst 
cvnpinalcs and swings the filament like a whip lash against the 
irritating object. The poison flu«! in which it was hatlied is thus 
flung against tlic intruder, 'riic filaments arc veiy small and can 
thus penetrate tlie skin in umlcfvtidcd parts such as the openings 
of sne.'it glands and liair follicles or deposit the poison on the skin 
between tlic pores. 

The .more poisonous of the cadentcrates arc; 

Plit/.wlia pr/rtjj’cn— Portugnesc-man-O’-w ar, 

ytKciMfiHC seidtafus— A species of M!a.^ncjnonc. 

Olindioirleafomoan gato—A jelly fish of tiie Japan waters. 

MiUcjinm alcienmia, M. comidanata, il. Ternicoaci—'Thc itcly’ 
corals of Mnl.s.\a. 

likizoaloinu pn/ini— Mcditernsneaii jelly fish. 

lihhoatomn aivifre—A jelly fish of the Knglisli CJiannel. 

Cyanca nrti'ca—A jelly fish common In northern waters. 

Arthropod Poisons.— Crustacea.— Crabs possess a toxic secretion 
which can be introdncerl into the skin by biting and produces an 
erysipeloitl eruption. 

Myriapoda.— The centipedes inject a mildly irritating poison 
with tiieir bite. Altlmugh the poison is described by Bekal and 
riiksalix' ns being quinonc this has not l>ecn verified. 

TJie active principle causes a local itching followed b,\ a red spot 
which enlarges and turns black. Ordinarily there are no general 
symptoms but Liiiceicum* has reporter! a bite from Scohpnidra 
heron in Texas which proved fatal to a chihl of four years of age. 

Insecta.—Diptera.— Ideas (Siphonaptera) produce punctate hem* 
orrliapic spots at tire point of tlicir bite. There may be a milil 
rixldcning about them due to lisyicremia. and itching. 

Gnats and mosquitoes arc not known to possess any poisons 
capable of general effects. Localb their bites are at first hyperemic 
and then urticarial. Tlicre may be «insidcrable edema in individuals 
w ho appear to be hypersensitive to tiicra. Itching is a diaracteristic 
s.Mnptoni. Experience seems to p<»int toward the possibility of 
developing an immviuity against mosquito toxin 

Lepidoptera.— Poisoning from representathes of this order occur 
in their cateri>illar stage- Tlie noxious materia! seems to l)c eoa- 
iiccted w ith special body hairs w liich rub off and penetrate tlie skin. 
The reaction is an itching dermatitis with urticaria and sometimes 
an eiysipelas-Iike rasli. Some individuals are more susceptible to 
this poison than others. 

The caterpilkirs of the following moths arc known to be irritating: 
Brown-tail moth of Xorth America (Poriheam chryaorrhea)-, tiger 
moth of Angola; various species of Bambyridm (silk worm family) 
and Limacodida. 

* Bcctcsl and Ph'iaalix. Compt rend. Acad. «ci. Pans, 131. ITOl. 1900. 

' Lmcciciun, G.: Am. .Tour. Med. Se>.. 62. 576. JSOG. 



/iY AXIMAL POISONS AND VENOMS 2SQ 

H 7 inenoptera.~The Apiarus or bees are stinging insects which 
inject an intensely irritating poison into the skin. 

Fluryi who has done the most extensive work on the analysis of 
the poison believes that it is a compound of lecithin with basic 
radicals from which he has split off choline, glycerol, phosphorus 
pentoxide, fatty acids and possibly tr^'ptophan and a hemolytic 
saponin. 

The local effect is the production of an area of urticaria and edema 
v ith a central point of necrosis. In severe multiple stings and in 
highly susceptible individuals there may be systemic poisoning 
with even fatal collapse. Hypersusceptibility to bee poisons seems 
to exist in some persons while others apparently can develop an 
immunity. 

Bee poison is secreted by poison glands and stored in a sac con- 
nected with the stinging apparatus extending posteriorly from the 
tip of the abdominal segment. 

The stinging bees are ApU melUfica (honey bee), Bonibus hortonim 
(Bumble bee) and Xylocopa n<Aacea (wood-bee). 

Vespariae.— The vesparije or wasps produce poisons apparently 
similar to the bees (Wells) but their stings are in general more 
painful and severe. The hornets share the reputation of the wasps. 
The witer has seen serious collapse in an adult from the sting of 
3 wasps (Ve^pa orientalis). General poisoning may also be accom- 
panied by abdominal pain, vomiting and a generalized measley 
rash. 

The species of wasps and hornets responsible for poisoning are: 
Vespa Tulgatis (the common wasp of the Occident), Vespa orientalis 
(the oriental wasp), Vespa crabo (the hornet), and Ve^pa germania. 

Fonnicariae.— The Formicari® (ants) w-hich sting man possess a 
poison containing formic acid which is largely responsible for the local 
irritating effects. Flury* is of the opinion that there are other sub- 
stances present and von Furth believes that the poison owes its chief 
toxic effect to complex poisons of undetermined composition. 

The members of the Poneridee and Myrmiddir sting like bees and 
wasps while the other less harmful varieties secrete an irritating 
iluid which is injected with their bite. 

Ant poisons in general produce entirely local effects cliaractcrized 
by a slightly painful, swollen red area which rapidly subsides. 

Arachnida. —The poisonous Scorpionida (scorpions) inject a poison 
whicli has been variously described as neurotoxic, strychnine-like, 
adrenalin-like and veratrine-like. 

Wilson* finds that scorpion poison is even more highly toxic 
to the guinea-pig than cobra venom. He has been able to precipi- 
tate the active principles with ammonium sulphate or excess of 

» Flury, F,. .4reh. exp. Path, u niann . 85. 319, 1920. 

* Flury. r.: Ber. d. deutsch. pbarm. GeacUsch., vol. 29, b.^., 1929. 

» Wilson: Bull. Inst. Egypt. 3. C7, 1921. 

19 
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alcoliol and concludes that thcj* arc appan-ntl^’ protein and possibly 
Jiistone. 

The stinginp apparatus h a caudal sphic extending posteriorly 
from the last body segment. Tlie spine is surrounded by a dense 
sheath at the upex of which oj)eii the ducts leading from the poison 
gland situate<l at its base in the caudal extremity. The scorpion 
strikes by bending its Ixwly dorsally and flipping the stinging spine 
above its back. 

Scorpion stings arc mostly fimited to l(»eal redness and edema 
accompanied by a throbbing pain. The injury seems to predispose 
to secondary infection. 

Severe stings from some of the more poisonous species cause 
general intoxication characterized by stiffness of the neck, trismus 
and respiratory paral.\sis. Some cases show transitory paralyses. 
Death has been reported, apparently due to respiratory failure. 

Sc-orpion poison appears to be a true z<H>toxin for Todd has sue- 
teeded in developing an antisonim in horses. 

The more poisonous species of scorpions are: 

Androctotnia /i/ncah/a— Africa. 

liiithua Eg.^ pt. 

Centnmia M/icauda— iMcxieo. 

Buthva wiarfcn.n— .Japan. 

Buihia occwfmw— Italy, Greece, Spain, North Africa. 

Scorpio mnunis— Eg.\ pt . 

Arsneldee.— Arancida; spider j)ois»>iis arc beJievt'd to contain 
hemolytic, noiirotoxic ami agglutinative principles siliich are 
protein in nature ami manufactureil in parts of tlie body oUier 
than the poison sacs but which are in some species mixed with the 
relatively inactive secretions of the poison apparatus. The differ- 
ences in the bites of spiders is accountcil for by whether or not the 
poison ejected with the bite contains these protein.s. 

The poison sacs are elongated pouches lying in the basal segment 
of the biting appendages. TJieir ducts run forward into the hook- 
shaped distal segments and open at their apices. 

As witli most of the lower orders of animals the spider bite is 
largely limited to a local effect- The site of the bite turns red and 
entirely clears up or in severer types liecoraes black and more edema- 
tous. 

The active zootoxins are apparently alisorbed very rapidly Into 
tlie general circulation. Tlie black widow or button spider (Latro- 
clcctus mactans and other spedcs) poison produces sj mptoms rcsem- 
bling an acute surgical alxlomen. Collapse may occur and death 
from respiratory failure is reported, especially in children. 

The tarantula bite hartlly lives up to its reputation for more recent 
observations show that in spite of its size and apparent ferocity the 
effects of the bite are almost entirely local. Its isolated poi^n has 
also been found to be less toxic than that of otlier species (ICobert). 
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Poisonous species of araneid*: 

Lairodcctus macfarw— “Black widow,” “Button spider” of South- 
ern North American, Central America and Chili. 

Lairodediis sceUo—“Ktit\po” of New Zealand. 

Latrodectiis iredec{mguitatas—“Jt,l3lai\gnatte” of South Russia. 

Thcrapitosa aticidaria— South America. 

Theraphosa jaionCTWrs— JIalaya. 

Theridiim Uededvi //nWo/t/ni— France and Italj’. 

Theridunn fajwftre— Kara Kist of Russia. 

Eurypehna jteinrfncAHcri— American tarantula. 

Epeira diadeina— "Cross spider.” Common garden spider of 
many countries. 

Acaridse.— The ticks and mites {Acaridee) produce local and 
sometimes general poisonous effects by the introduction of an uni- 
dentified poison during the act of biting and sucking. That of the 
ticks (Ixodoidea) is believed to be protein in nature and capable 
of producing immune bodies. 

Tick bites show as erythematous areas in the center of vhich 
are small dark necrotic points which tend to slough out with a dis- 
agreeable odor and terminate with the formation of a persistent 
scar. Large edematous wheals may form around the bite of omi- 
thodoTus. 

The outstanding features of general poisoning are given ns fever, 
backache, headache, vomiting, delirium and convulsions. 

The bites of mites {Ixodida) are limited to punctate epj’theum 
ulth occasionally a more diffuse dermatitis. 

Poisonous acarid«: 

Ticks: Argaa reftexits, A. brumpU, A. persicus. Omilhodonts 
mmihaia, 0. iuricata, 0. Udaje. 

Elites: Ixodes ricimts. 

Pisces.— Several species of fish possess secretions %\hich are poi- 
sonous to man and some of them special mechanisms for injecting 
it. Although the actual nature of the poison is unknown it appears 
to be qualitatively alike in all species and a true zooto.vin' closely 
allied to snake venom. 

The toxin produces local inflammation with a strojig tendency 
to necrosis of the edematous area. A local paralysis of the part 
occurs in many instances. Systemic poisoning results in a paralyzing 
effect on the heart which may be so severe as to prove fatal. 

Teleostei.— Castellani classifies poisonous teleost fish on the basis 
of their poison mechanisms. 

I. Fish which poison by their bite. 

Muraena helena—\n the Mediterranean Sea. 

Mvraena mariiiga — In the tropical Atlantic. 

Tetrodon flittiatilis—'ln Indo-China Waters. 

' Evans, H. M.- Bnt. Med. Jour.. 1, 73. 1007. 



1*92 rOISONH ACQUIRED BY EKIN AXD UTllBU TISSUES 

11. Pisli ulilcli poison by barbs or spines connected with special 
glands. 

Sijndticclu brachio— (and othcrs)~iMplancsian and Poly- 
nesian waters. Possess poison glands connected witli 
thirteen barbs on the dorsal fin. 

P!iofo.ws unguillarii—Ucnnlon, Malay, India, Seychelles, 
Abyssinia. Dorsal fin .spines. 

Sacc}iobr(wchii3fo9ulis~hidia and Ccyh)n. Poison apparatus 
c-onnectcrl with pectoral fins. 

Tliala.?sopl>r!/ne rHicvlitbi— Vanawa and Brazil. Hollow barbs 
on gill tsjvcrs and on the l»ack close to the bead. 

Iialrnchn9 tav, It. jn/nniVna— North Ajneriean waters and 
Antilles respectively. Apparatus similar to Thalassojihri/nc. 

7'rnchinus draco, T. ntdiatiw. 

One barb on each oi)crculnin and five to seven on the dorsal 
fin spines. The ijoison gland of the opercular spine is situ- 
atcfl at its base. 'Hie <lor8a! spines each possess two 
grooves which join near their base to form a conic-al 
space. The tells lining this spate secrete the poison, 

CoUm worpn/3— ^Videsprcn^^ in Northern lletnisi)liere. Appa- 
ratus similar to Trachimis. 

rteroh o«fe?i«(T/a~r)orsal fm spines. 

Pchr fikmcninvm—Tianxd fin spines. 

Acantliurn -1 Dorsal arul anal fin spines. 

Selachii.~Thc .selachians possessing poison glands and spines 
are the .stingrays and eagle rays (Sulrorder— /hnVte). The dog-fish 
(Suborder Sq^tali) also possess a poison spine. 

The active principle of stingray poison has not been determined. 
It is locally intensely irritating producing a burning agonizing pain, 
erythema, edema and in severe wounds, necrosis and gangrene. 
The general effects are shock, syncope ami even death. 

The stinging barb of the rays are locatctl dorsad at the base of the 
tail. In .some case.s the Imrb is groove«l or canalized and connected 
with poison glamls w Idle in others the secretion seems to come from 
the .skin glands ami si)read on the surface of the barb. 

Poisonous species: 

Trygon paj/innca— Japan. 

Triigon sephen, T. fm/gw— India, Gulf of Mexico. 

/l-'tohaiis narufnn'— The "Bishop Raj'.” 

Po/amofry^on— Large rivers of South America. 

Amphibia.— Few’ of tlie species of amphibia are known to be 
poisonous to man. 

The toads (Ihifonida-) secrete toxic substances from the dermal 
glands which Faust* has found to be closely related to cobra and 
crotalus venom. According to this observer there are tw o principles 
' rauat, n. b : Arch. f. cti> Piith n Pbarm . 47. 27S. 1002. 
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in toad venom— bufotalin (CjtHieCio) which is an active digitalis- 
like substance, and bufonin, a neutral, relatively inactive material 
which gives the milky appearance to the secretion. 

Toads possess no specialized poison apparatus other than these 
surface glands so that poisoning in man is limited to contact. The 
secretion is not irritating to the skin but may produce a conjunc- 
tivitis if it is rubbed into the eye from contaminated fingers. 

Bufo viilgaris and 11. agua are representatives of this class of 
poisonous amphibia. The former is widespread throughout the 
world and the latter is the large toad of the tropics. 

The poisonous secretions of salamanders (Sctlamandrinw) are 
also composed of two jioisons according to Faust; one an inorganic 
base, samandarin and the other an alkaloid, samandaridin with 
digitalis-like effect. The poisonous secretion is discharged on the 
surface of the body of the salamander from dermal glands. 

There is no evidence that these animals can poison man under 
natural conditions. 

Reptilia.— In this class the snakes and the Gila monster alone are 
poisonous. 

Ophidia.— The zoological classification places all snakes in this 
suborder. Within it are found non-poisonous and poisonous varie- 
ties, the latter being includeil in the super-family Proicroglypha 
^\hlch is in turn divided into three families: Elapina;, Ilydrophida, 
ViperidcB. 

The term venom is most commonly applied to the poisons of this 
group of animals. The venom of all poisonous species are true 
zoStoxins and are highly active in the production of immune anti- 
Imdies in man. Investigations on the production of antibodies 
have revealed a high degree of specificitj in that the antivenin 
against the poison of one species does not protect against poisons 
from any of the others. Nevertheless there is evidence that the toxic 
principles are very much alike if not similar and the specificity is 
due to the attachment of the noxious agents to antigenically specific 
proteins GVells). The results of chemical studies on snake venoms 
have been summarized by Wells (Chemical Pathology, page 140) in 
the following brief statement: “What has been established is merely 
that the irritating component of venom can be destroyed by heat, 
and is removed with the globulin in fractiojial separations; wliile 
there remains a substance not destroyed by boiling, which comes 
down at least in part with the albumoses of the venom and causes 
chiefly systemic manifestations.” 

Earlier studies had revealed that the variation in the action of 
different venoms might be accounted for by the quantitative rela- 
tionship between their albumose and globulin fractions. Thus 
cobra venom contains 98 per cent albumose and 2 per cent globulin, 
rattlesnake venom has 25 per cent globulin, and moccasin venom 
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only 8 per cent of this irritatinR fraction. In keeping with Well’s 
summary tins would simply indicate a correlation between the poi- 
sonous elTects and the proportions of these proteins in the different 
venoms and not a relatiomliip of ciiitsc and effect. 

All poisonous snakes possess spcdalized mouth glands in which 
the poison is stored. These glands appear to function in a dual 
capacity by proilucing some constituents of the secretion through 
the activity of their own cells and by* acting as filters of other toxic 
substances in the circulating blood and permitting them to enter 
the gland and mix or combine w'ith its owi secretion. 

The compound venom has been sliosvn to produce hemolysis 
and hemagglutination by the action of its hepiatoxins, immobiliza- 
tion and disintegration of the leiikocyto by leukocytolysins, nerve 
cell degeneration by neurotoxin, and capillary hemorrhage, particu- 
larly of the glomerular capillaries, by' the action of endotheliotoxins 
(hemorrhagin) on the endothelial cells. 

The degree of intoxication resulting from a snake bite depends 
not only on the chemical nature of the venom but the proportion 
between the amount of venomous material absorbed and the size 
of the body into which it was injecte<J. The amount varies with 
the quantity in the pohon glands when the snake strikes, the amount 
actually injected, and the efficiency of the absorbing mechanism in 
the part bitten. Because a snake is not always equally active at 
different seasons of tlie year, and because his supply of venom may 
have been depleted by starvation or racent discharge, the amount 
which it contains at any one time Is highly variable. In spite of the 
efficiency of the poison mechanism a snake docs not always “strike 
clean" and inject all of the venom possible. If the strike is in a soft 
vascular tissue sucli as tlie calf muscle more venom is likely to be 
absorbed than from a bite at a location like the shin. It is not 
surprising therefore that there is great variability in the degree of 
intoxication from any given bite- An equal dose of venom injected 
into an adult and a thild is much more serious in the child with a 
proportionately smaller borly' mass. Further details are discussed 
un{ier the different types and species of snakes. 

Elapinep. 

Naja IripjiduuiJt—Cohra of India. 

Nnjfl 'phi(i}?piwfwsis— Cvfcsa o? Islwwis, 

Naja Aajc— Cleopatra’s asp of Egypt and North Africa. 

Naja nigricoIU— Gold Coast. 

Cifnjjarus camfidiis— True Krait, India. 

Bmiganis fa.K{atii^— Banded Krait, India. 

Bungams ceghninia—'Ihe Caramilla of Ceylon. 

/Icanf/topis (trf/arc/i«<s— Death adder of Australia. 

Elaps comiUnus—CoTid snake of North and South America. 

Dendraspia vlridis — Africa. 

And others. 


IN animal poisons and venoms 


293 


The elaperine snakes have well developed fangs which are firmly 
embedded in the upper jaw and these move only with and as far 
as the jaw can move. The fangs are grooved anteriorly and the 
ejaculatory ducts lead from their bases to the poison glands. 

Cobra venom acts chiefly systemically, which as has been stated, 
may be related to the fact that it contains 9S per cent albumose. 
It contains mostly neurotoxin and poisoning is characterized by 
nervous system symptoms and little local effect. It also produces 
much more hemolysis than agglutination. 

Krait venom is similar to but weaker than cobra venom. 

Viperuke, 

Croialina — Pit vipers. 

Croiabi3 korridus—Taxas rattlesnake. 

Crotahis scutahis — Texas rattlesnake. 

Cro/ah« con^Mcnluj— Pacific rattlesnake. 

Croiabis diruwjw—America. 

Crotabts cercr^lM—America. 

Ancktrodm pweironw— Water moccasin— America. 

Ancistrodon contortrix— Copper head, highland moccasin, 
America. 

Lacheeia lanceoIatua—Fer-de-lance of Martinique. 

Lacheaia anamallensis— America. 

Sialrtinis rarjM— America. 

Siatninia miliarhia. 

And others. 

Viperirus— True Vipers. 

Vipera EnglisJj adder. 

Vipera Russel’s viper of India. 

BitU arietarw— Puff adder of the Gold Coast. 

Cerastes cornufjw— Viper of the P^Tamids, Egypt. 

And others. 

The vipers possess a highly developed biting mechanism which is 
made possible by the structure of the superior maxilla which is 
narrow antero-posteriorly and triangular with its ape.x down. From 
this apex the fangs point downward and backward into the mouth. 
The entire maxilla is rao^’able and can be rocked on its base by 
opposing muscles wliether the mouth be open or closed. As a result 
the vipers can swing the fangs forward through an arc of some 30 
degrees which brings them into a vertical position for'striking. 
When pointed back^ ard at rest most of the fang is covered with a 
preputial-like sheath of mucous membrane. As the maxilla rotates 
and the fang is thrown forward the membranous sheath retracts 
and exposes the fang. The poison groove extends along the posterior 
surface of the fang. The duct from the poison gland terminates 
at the base of the fang. 

Rattlesnake, moccasin and true viper venoms contain relatively 
large amounts of globulin, endotheliotoxin and hemagglutinin. 
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As a result tlie greatest effects of a bite ate of a local hemorrhagic 
and necrotic nature witli a strong tendency toward slough forma- 
tion and secondary infection. Moccasin and copperhead venoms 
arc more agglutinative than that of the rattlesnake. 

//ydropAidfr— Sea snakes. 

Ihjdnts plahirua. 

Enhydrina Tfilakadietu 

Distera aemperi. 

And others of the gt*ncm Jlydrophvt, Thalhsophia, Ilydrclop^, 
and Plaiunta. 

Sea snakes are to he found throughout the Indo-Pacific Oceans. 
They have no such striking mechanism as the vipers and the mouths 
of most are so small that they can bite large body surfaces of man 
only with great difficulty. 

'I'heir venom is almost completely ncurotropie but is more poison- 
ous than the elaperiiie and vipcrinc -snakes. 

Z/uerh7m.— The Gila monster {IlctoiUma suapccium) of the 
southwestern rnited States Is the only lizard seriously poisonous 
to man. 

It possesses poison glands at the skies of the lower jaw. Four 
ducts from each gland terminate in small grooves at the bases of 
four teeth in the lower jaw. 

Gila monster venom resembles .snake venom and is largely neuro- 
toxic and has some hemolytic action. It causes death in animals 
by respirator}' paralysis. There is verj- little local inflammation 
otlier than that due to the mechanical injury from the bite. 

J/flWHm/ia.--Of all of the mammals, the only one possessing any 
poison toxic to man is the tluck-bill platj-pus {Omithorhynchvs 
paradoxiia) of Australia, a single member of the order Monotremaia. 

The poison apparatus of the platypus consists of a movable 
hollow spur projecting posteriorly from the ankle of the hind leg. 
A poison gland near its base empties by a short duct into the hollow 
of the spur. The apparatus is apparently sexual in nature for the 
female possesses pits on the anterior aspects of the thighs into which 
the spurs fit during copulation. 

The platypus docs not attack man with the spurs and poisoning 
from it is accidental. 

The venom contains a poison similar to hut weaker than the 
Australian adders showing mostly neurotoxic effects with slight 
local action other than pain and swelling. 



CHAPTER XXV. 


THE DEFENSE AGAINST SIGN AND PARENTERAL 
POISONS. 

Toxic materials acquired bj’ the skin and parental tissues should 
theoretically be the easiest of all poisons to evade because of the 
infrequency of mediating processes between the source of the agent 
and the affected tissue. But this is not true in practice because the 
source of the poison is often difficult to recognize or the nature of 
the poison may be unknown or poorly understood. Moreover, 
since there is great variation in the reaction of individuals to the 
poisons it is at times highly impractical to expend money and effort 
to prevent minor poisoning in a few who could be more effectively 
protected in other ways. In ordinary life the same difficulty is met 
with in the sensitization to fabricated articles which it would be 
foolish to dispense with just because some individuals were affecteil 
by them. 

Prevention on a large scale can only be accomplished by intelligent 
understanding of the nature of the poisons to be dealt with and the 
manner in which they are acquired. This, In the main, is the pro- 
vince of Industrial Hygiene. 

Within the industries the producers know the materials which 
are used, the chemists know their properties, the technicians the 
processes in which they are involved, and the w orkers are aware of 
the conditions under which they work and the effect of the mate- 
rials upon them. The Industrial Physician is faced with the respon- 
sibility of protecting the he.alth of the workers and the interests of 
his employer. He is above all a physician in practice and as such is 
engaged in the care of his patients and the prevention of disease in 
others. 

Although the producer is legally responsible for harm acquired 
in the manufacture of his product and wishes to protect himself 
against loss of personnel and the payment of claims he is not neces- 
.sarily capable of accomplishing this protection without medical aid. 
In the zest for turning out new products and acquisition of new 
materials and processes it is not surprising that the management and 
engineers should overlook the possibilities of harm to their em- 
ployees. The Industrial Physician alone has the broad point of 
view’ which is needed for adequate protection to the worker. He 
should be consulted on all matters pertaining to the health of those 
under his charge and this must include informing him of what mate- 
rial are in use or contemplated to bo used in the processes. 
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TJie saivnpe of by-products Jias inatorially reduced the amount 
of materials formerly allowed to go to vrastc frequently in a manner 
liazanloiis to the workers. Irritant gases, dusts, fumes and liquids 
which oiic'o Were permitted to he tliscliargecl openly in the air arc 
now confined and put to use. Inestimable numbers of contact 
poisoning have probably Ijceii prevented by this advance. 

Technologic advances in machinery and equipment should still 
further reduce the pos-sibility of workers coming into contact with 
skin poisons. ^Yhere ores and irritating liquids were formerly 
carried in open containers' by band, wheelbarrows or trucks, they 
are now removed by mechanical conveyers The wliole tendency 
is toward “closed methods.” Distillates and residues are carried 
olT by sviction in closed cylinders, towers, and pipes to the nert 
process without any possibility of contact with them. 

While most of the above improvements are being introduced 
into the larger industrial plants the small producers are forced for 
economic reasons to continue wdth old processes. Unfortunately, 
these do not have tlie advice of their own industrial physicians 
and the workers continue to be exposed. It Is in this class that the 
Workmen’s Compensation Act will eventually do most good. The 
large firms impro% e technics mostly for immediate gain, the smaller 
ones will be foreetl to add protective measures to prevent indirect 
loss through undue compensation payments and general inefliciencj’ 
of sick emplojees. 

In the small trades and individual occupations the handlers of 
harmful materials have little benefit of indirect protection and 
must rely on their own elTorts. The photographer and engraver 
who is constantly using corrosive acids can only escape injur.\' bj' 
caution wbieli he has learned through painful experience or fore- 
warning from others. Less obvious instances of skin irritation are 
found wlicre there is little obvious connection between the injury 
and the cause of it. This is the common story in most of the occu- 
pational tlenaatoses in men who consult a private doctor for some 
skin disease which they do not connect with their occupation. The 
millions of cases diagnosed os “eczema” attest to this fact and the 
failure of the physician to recognize the cause. Prevention here is 
prevention of continued Irritation. Since the disease persists only 
.so long as tlie irritant is present the adoption of protective ine.nsiires 
is real prevention. 

A considerable amount of occupational dermatitis can be pre- 
\'ented by adequate examination of applicants for employment. 
Any history or evidence of an allergic condition should be a warning 
that he may be an easy subject for skin or other sensitization under 
the conditions in wlu^ he will irork. With such forewarning he 
can be instructed as to the nature of the materials be will use and 
how to protect himself from them. TJie use of gloves, hand lotions 
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and creams, personal cleanliness, care of the mouth and eyes, protec- 
tive clothing, habits of eating at lunch are all practical, sound meth- 
ods of protection for the individual workers. It is at this time too 
that he should learn to report early to the plu'sician or other respon- 
sible officers wiien any (fermatitis, conjunctivitis, or otiier evidence 
of poisoning makes its appearance. 

Sanitary codes, official inspection service, nuisance acts and em- 
ployer-employee agreements all play important parts in reducing 
the health hazards of occupational dermatitis and absorption of 
harmful substances. 

The contact poisons of even,- day life present a long list of materials 
to which the average citizen is exposed. These substances have 
little in common other than the ability of many to induce allergic 
reactions in susceptible individuals. Some of them, such as oxalic 
acid and potassium cyanld in hair lotions should be legislated out 
of existence, others like lye, potash, caustic acids, and phosphorus 
should carry adequate warning labels and poison signs. Prevention 
against them would then rest on individual intelligence and caution 
in their use. 

Until children, youths and adults are educated to the potentiali- 
ties for harm in the common commercial and household objects, and 
until they become habituated to the idea of presenting themselves 
to doctors for health examinations while they are well, the only 
hope of preventing sickness from these causes lies in educating them 
to go to a doctor early when they are sick. In this way the physi- 
cian having diagnosed the condition and pointed out the connection 
between cause and effect, can at least instruct the patient how to 
prevent a recurrence. The latter can be accomplished by avoiding 
the responsible substance completeh- or by substituting something 
else for it; by giving up the use of hair dyes, cosmetics, dyed cloth, 
furs, etc. ; by the use of protective gloves or other clothing under 
conditions of exposure; and by desensitizatioii against the specific 
allergen whenever possible. 

It is to be hoped that medical propaganda w'ill force out of use 
some of the ingredients of articles of trade which are harmful to 
any considerable number of people. The private practitioner can 
aid greatly by reporting instances of such poisonings to his colleagues 
and other interested parties. 

Potentially poisonous ointments, lotions, antiseptics and so forth 
will alw’ays remain so as long as they are used for self-medication. 
The laity cannot be expected to know all of the dangers inherent in 
self-medication and must be taught. This can best be accomplished 
by prohibiting the sale without prescription of the most harmful 
substances; by proper labeling of all potentially poisonous skin 
applications and medicines for external use; and by general propa- 
ganda against using them without medical advice. 
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TJie production of skin irritations, Imrns, and general poisonous 
effects from substances applied to or administered tlirough the 
skin may be classed as thempcutic acadents. To avoid them, the 
physician must not only employ Iiis best skill but must know his 
patient. Because patients ditfer in their susceptibility to drugs it is 
imperative that physicians adopt no tlierapcutic ruIes-of-tJtumb, 
b\tt regulate the do^age, manner of administration and selection 
of the medicament to lie nsol, to the indlviduni factors of their 
patients. 

Because the woods which cause dermatitis arc more likely to 
produce injury In the industries and trades prevention of poisoning 
from them rests on the principles oullinwl at the opening of this 
chapter. For those who are sensitive to them in fabricatefi articles 
prevention ks the same as for commercial and household obj'ects. 

Exposure to plant poLons is most commonly through accidental 
contact with them in their growing slate- Poison ivj', oak anti sumac 
grow wild and are frerjuent nuisances about farms and in woods. 
They should never be allowed to grow in home gardens or public 
parks. Children especially need to be protected from them. 

The poisons of flics, raos<|uit<K*s, ticks and gnats are little more 
than irritating nuisances but even as such should be combated 
by general sanitary control measures, the screening of homes, ami 
individual precautions. 

The defense against the venoms of higher animals is iinderstand* 
ing of the natural history and behavior of the individual species. 
Ciiildrcn should be taught the nature of poisonous animals; what 
they are, where they arc found, and Jiow tJiey act. 

Sportsmen, farmers, veterinarians, zoological garden attendants, 
scientific collectors and explorers are the most liable to be bitten 
by venomous animals and must Know the fiuitlamental precautions 
to bo taken against tliem. 

Specific preventive inoculation of antivenin may be a possibil- 
ity but has not yet readied the stage of practical application. 

Knowledge is the main defense against all poisons within this 
category’. After it, comes precaution and skill in handling harmful 
obj'ects, and lastly the profectiv'e measures raised by group effort 
against the lack of knovs!«!ge and umlerstanding of the few. 
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CATEGORY IV: PHYSICAL FORCES AND ENERGIES. 

GENERAL CONSIDERATIONS. 

Since the human organism possesses mass and extension in 
space it is subject to all of the forces and energies which affect 
physical bodies. From its earliest single cell stage it is influenced 
by its physical environment and develops under the necessity of 
adapting itself to the mechanical stresses and strains of the struc- 
tures immediately contiguous to it and to other forms of energy. 

This applies to every part of the developing organism; the primi- 
tive cel] layers are as much influenced by tJieir neighboring cell 
structures as the whole embiyo is by its enveloping fluids and 
membranes, and each of these primary tissues is affected by its 
neighboring cells and intercellular substances. 

Physical growth is attentied bj increase in mass and dimension 
and this must result in a constant disturbance of the equilibrium 
between the growing body and its spatial relations; the usurpation 
of space formerly occupi^ by other bodies calls forth a resolution 
of the disturbed equilibrium by readjustment; the total physical 
state as to its position, size, shape, mobility and other physical 
characteristics may be looked upon as a resultant of its internal 
and external environmental forces. For gro^\ih to proceed in any 
direction the energies of the growth process must exceed the forces 
which oppose it. For example, the increase in size and number of 
cells ^ill necessitate that the growing part extend itself within the 
gravitational field, always conforming to the laws of gravity, but it 
is to be noted, not neces-sarily in the direction of gravity. It may 
be inferred therefore that the growth forces exc-ecd the “pull” of 
gravity and permit the organism to c.\tend itself within the scope 
of its other limiting factors. 

The most immediate limiting factors are static and kinetic me- 
chanical forces that express themselves as pressures, stresses, strains, 
and tensions imposed on the growing body by physical structures 
surrounding it. But again, observation shows that growth goes on 
successfully even under such opposition. 

It cannot be inferred from this that the energj' of growth is the 
only positive factor involved- It may w'ell be that normal growth 
would not proceed in the absence of normal opposing forces and that 
the organism excels because its hereditary endowment requires it 
to develop under conditions that positively enhance and direct it. 
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Additional enerftics influence the body tlirou^:liout the postnatal 
periods. Uaiximctric pressure, hmnidity, electromagnetic forces, 
fire, wind-pressure, temperature and sunlight are further embodi- 
ments of energy under which life proceeds. At no instant of waking 
or sleeping existence la the body ever free from these external forces, 
or of the pliysical relationships l)etueen tells, tissues, and organs. 
As the organism increases in complexity and the colonies of cells 
become diflerentiated into tissues and organs, it results in a multi- 
plication of the pli.\.sical forces operating between tlie relattnl parts 
and a larger total mass in relative c<iullibrium udth its physical 
environment. 

From the .standpoint of the postnatal period with its independent 
activities ot locomotion nn<l other complex ptirposeful movements 
the embryonic stage is relatively quiescent. For example, tlic ends 
of long bones may be In close approximation while the joint surfaces 
between them are being formwl but the stresses on the articulation 
are slight compared to the forces of ueight-bearing and active 
motion in the adult; the balance of the opposing flexor and extensor 
muscles of the fetus have not been put to the test to any degree 
comparable to the re(|uircmcnts for maintaining the upright posture; 
changes in intra-abdominal pressure arc almost minimal up to the 
time of birth wiiercas after birlli this pressure is subject to additional 
forces which result from breathing, bending, weight-lifting, coughing 
and similar physical activities; the arclies of the foot of the infant 
are entirely unfamiliar with the need later to be imposed on them 
of supporting effectively a 150 to 200 pound body. 

Specific heredity supplies the structural means in anticipation 
of their use. It prepares organs and tissues to meet the needs of 
the future by directing their growth in such a U'ay that they can 
develop and maintain a state of relative equilibrium against a 
scries of repeated stresses and strains. In the normally developing 
bod.N’ these strains are adthin the limits of physiologic tolerance and 
the mechanisms do not break do^-n. The movements of the kicking, 
turning, crawling infant for the first year of life permit the knee 
structures to develop under small increments of physical demand 
and mature to the point of being able to meet the needs of standing 
and walking alien the time arrives. 

rhe stnn Cuftii’ ffie physical jne? stispisthns e! 

the human organism to the internal and external mechanical fac- 
tors of its environment is Body Mechanics, better called. Body 
Dynamics. This is a complex of mechanical forces and encompasses 
far more than the ability to stand upr4;ht against the force of gravity 
and to undergo certain limitwl postural and progressive movements. 
In its broadest sense Body Dynamics embraces these and more; 
it includes the pressure.s within the body ca\’ities, the movements 
of organs, the static pressure of organs on each other, the tensions 
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on suspensory ligaments, the limited movements of the different 
kinds of joints, hydro-statics, the changing volume of organs and 
their contents, the architecture of the bony framework, patterns of 
movements, accommodations and compensations between parts, 
muscle balance, coordination of functions, tensile strength, breaking 
points and elasticity of tissues and the relationship of all of tJiese 
to automatic and voluntary control. 

ilany of the physical forces and energies operate co-incidentally 
with the factors embraced in the other etiologic categories as neces- 
sary elements in the growth and development of the body. In this 
role they play the part of agents essentia! to normal organization and 
function and are therefore important factors in health. 

Whatever the nature of a phj'sioal force that is applied to living 
substance may be it acts by merging with the physical-chemical 
activities of the cell and must become a physical component of the 
tell. Thus, no matter how close the external physical factor may 
approach the organism it can produce no effect until it has entered 
into the energies of the part on which it acts. It is important tlien 
to conceive of the physical agents as arising externally to cells and 
cell groups but operating internally within their organization. 
For e.\ample it is an error to think of prolonged pressure on a tissue 
as something whicii simply pushes it aside and that the tissue is 
therefore only passively displaced. If one organ out of place presses 
on another in an abnormal waj the pressure forces are transmitted 
throughout the second organ and may interfere with the structure 
and functions of its parts. Excess heat causes molecular disturb- 
ances within cells; radiant energ>' enters into and bombards the 
molecules and atoms; direct trauma disrupts tissue and cell organi- 
zation. 

Normal cell function requires a variable measure of each of the 
physical energies. Body cells carry on their functions with opti- 
mum efficiency within a limited temperature range; cells exposed 
to visible light are adapted to rays of certain wave-lengths and intens- 
ity; the cells of the arterial vessel walls function best under limited 
tensions of the tissues of which they are a part; tissues of joint 
surfaces are adapted to limited pressures. 

But what may be favorable to one tissue or cell may be harmful 
to another. Evidence that what can be tolerated by one organiza- 
tion may be intolerable to another leads to the inference that toler- 
ance to physical forces varies with different organizations and is a 
matter of degree within any one organization. The realized adult 
body is therefore a complex of differentiated lesser organizations 
each of which is best adapted to function under the influence of 
those energies w'hich have shared most actively in its development. 

As has been pointed out in the earlier cliapters it may be assumed 
that there is a limit of tolerance to phj’sical agents in all organiza- 
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tions. TJiis limit lies between tlie spbere wlierein the organization 
can successfully adjust itself to pli>-sical agents to which it is ex- 
jxjscd, ai\<I that sphere characterized by the inability of the organi- 
zation to cope with untowanl expressions of familiar forces or in- 
tolerable amounts of new forces with which it has had no previous 
cxpcTience. Thus, nhho\)gb a tissue has been under the influence 
of clcctro-magnctic forces since its earliest inception it is not pre- 
pared thereby to witlistnnd the excesses of a severe electric shock, 
nor is another tissue whldi has l)eeii exposed to pressure traumatism 
over many years any the better able to resist tlie destructh’e action 
of a sudden blow. In both of those examples, and in all other in- 
stances which can be studieil, it will l>e found tliat the limit of toler- 
ance is that point at which the equilibrium has been disturbed bc*- 
yond its power of independent readjustment within its accustomed 
functions This docs not Imply failure of readjustment but indi- 
cates only that unfamiliar activities beyond those ordinarily con- 
cerned must be calle<l upon to help the organization or function 
restore its balance. It is the appcaranc-e of these unfamiliar tj^pes or 
degrees of activity that gives the only practical understanding of 
what at present is meant by abnormal. 

Since it can he demonstrated that physical energies can disorgan- 
ize functions within cells, tivsiios, organs. nn<l the body as a whole, 
all of the ^rces inchuletl within this catcgoiy can act as etiologic 
factors in disease. The.se differ from the factors in the other cate- 
gories by their modes of action in that they enter into the funda- 
mental physical relationships of the elements of tlm object they 
attack. Exogenous chemical agents, hereditary factors and ele- 
ments of nutrition also depend ultimately on ph.\>lcal factors for 
their effects but they are larger embodiments of energies and operate 
at higher plij’sico-chemical levels. 
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THE IMECHANISJIS OF IMECHANICAL FORCE. 

INTERNAL MECHANICAL FORCE. 

(Body Dvn.uiic&.) 

It has loiij' been the custom to ooiisider tlie human body as a 
machine and this has been strengthene<I by the current materialistic 
philosophies. If life processes are looked upon as being purely 
mechanical then it may he valid to conceive of them as machines. 
But the living substance in which these processes are realizetl 
possesses an organization and activity which surpasses any notion 
of a mechanical contrivanc-c. No machine as it is ordinarily under- 
stood possesses the powers of growth, development, repair and 
reorganization evidenced by living tissue. Within the narrow con- 
fines of a structure containing certain mechanically moving parts 
activated by natural sources of energy for the performance of some 
useful effects the human borly acts like a machine. But the cells 
which are the structural units of the body are processes which are 
continually undergoing clianges of a non-mechanical nature. In 
so doing they may manifest some evidence of mechanical action 
but this does not make up their whole nature. The organization 
of the body as a whole shares in the non-mechanical nature of the 
c-ells but uses mechanical forms for the performance of certain of 
its functions. In essence it is a complex physical organization some 
parts of which act together as a machine. 

Body dynamics is the study of the body in its machine-like aspects. 
The examination of the forces operating betw’eeii its parts under 
conditions at rest or equilibrium is Body Statics and while exhibit- 
ing the phenomena of motion is Body Kinetics. The idea of the 
mechanism or machine connotes too much of the kinetic phase 
and for this reason the terra Body Dj.'namics is used instead of the 
more restricted conceptions in Body Mechanics. 

Analysis of the dynamics of the human bodj requires the fre- 
quent use of the word force which is commonly considered to be of 
the nature of a push or pull. In this discussion the idea of force 
will conform to that of tlie newer conception of physics that force 
“acts as thoxigh” it pushed or pulled. Thus the “pull” of gravity 
is not considered as the result of a real pulling toward the earth but 
as the effect of gravity on mass which acts as though it pulled it 
downward. 

20 
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Throughout his phjlogcny an<! ontopeny man has never been 
free from tlie tendency of emy particle of lus body to press down- 
ward toward the center of the eartli. When he stooped, ns it is 
believed lie did in his Neanderthal daj’s, his Ijalance was not as it is 
now; his knee, ankle, sacrovertehral anti other joints toultl not have 
had exactly the same angles ami plane relationships ns those of 
modern man. In his ontogeny man changes from the pronefto the 
erect when he learns to walk nn<l sliifts acutely tlic stresses on tliosc 
structures which must retain certain of his parts in their normal 
position. If later in life other factors affect him and weaken sup- 
porting structures, his organs will droop in the direction of gravity. 
Prolapse, visceroptosis, flat foot, and varicose veins are a few organic 
changes in which this phenomenon Im liecome evident. 

Since gravity itself is not a force it c.snnot be a cause of disease. 
In any instance in uhich it apiicars that a .structure is being pulled 
out of place by the “force” of gravity it must bo understood that 
it is displaced only ns the result of n shift in the equilibrium hctweeii 
its mass and forces oppo.sinp it. Under these circumstances the 
mass then moves in the direction of and in olicdience to the laws 
of grns’ity. Gravit.' ne\er increases of itself and causes a body in 
equilibrium or rest to .shift its position. 

Body Posture.— Tlic liuman body is constructed on a movable 
bony framework of a genetically adapted tjpe which permits wdde 
varieties of posture. It also possesses mechanically acting struc- 
tures which maintain the functional and anatomic relationships of 
the parts of this framework and activate its movements. Normal 
hotly posture may tlicn be looked upon os those positions which 
conform best to the anatomic form and plysiologlc activity of tliese 
mechanical structures as determined by their phylogenetic charac- 
ters. The latter alone account for the difference in posture betw een 
man and beast, and in each the normal posture is a satisfaction of 
the genetic requirements. 

.\ny number of postures is normal for man. Tlie normal for the 
standing position without motion is erect with the chin slightly 
elevated, the cun'e of the cendcal spine smootli with the head 
slightly retracted, the sternum high and the shoulders squared, 
tlie lumbo-sacral curve gently concave, the arms hanging Ctisily 
with slight flexion at the elbows, fhepeh’is at an angle that follows, 
without straining, the lumbo-sacral curve, the lower abdomen 
retracted, the legs straight, the heels close together and the great 
toes slightly separated from each other. In this position the 
anatomic relationships of joint surfaces are at their best, flexor 
and extensor muscle groups are iu equilibrium, ligaments and fascia 
are under minimal strain, visceral alignments are normal, the pro- 
jection of the center of gravity of the body will fall within the area 
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The normal sitting posture is determined by the same factors 
which operate to produce normal standing posture. Sitting always 
means a shifting of the supporting base to structures about the 
pelvis and the nearby elements of the upper leg and lower spine. 
All normal sitting positions must comply with the requirements that 
the mechanical structures concerned are not forced beyond their 
limits of physiologic endurance. If the object upon which the base 
rests gives such support to bones, joints, ligaments, tendons and 
muscles as to relieve them of strain then even a non-erect and ap- 
parently slouching position must be considered normal under the 
circumstances. It is when there are no subsidiary supports such 
as back rests, pillows and arm rests that the erect sitting posture 
is the only position in which equilibrium is obtained with the least 
physical strain. 

Any movable part or all of the bcxly mai' depart from these nonns 
and take up other positions which are normal provided the direction, 
distance and force of movements do not evceed the functional and 
structural limits of any part. All of the accustomed actions in 
standing, running, jumping, sitting and l\ing down are carried out 
by norma! movements of parts without harm to them or to their 
associated structures, such as viscera, blood-vessels, and nerves. 

The Causes of Faulty Posture.— Since faulty posture is only the 
evidence of change from the normal relationships of body parts 
and is itself a process it must necessarily have been produced by 
antecedent causes. In this sense faulty body posture is not an 
elementary categorical factor in the etiologj of disease and its causes 
must be sought among the elements of the categories. 

Inherited Factors.— Any inherited tlisea^e or strvictural abnormality 
which affects the form, configuration, or strength of any part or 
parts of the bony framework or the normal relationship between 
them, or influences the functional activity of the muscles, tendons 
and ligaments W'ill alter posture. Among the bone conditions may 
be listed extra vertebr® and fewer vertebral than nonnal, cervical 
rib, supernumerary, too few and webbed toes, short first metatar- 
sals, posteriorly placed sesamoid bones of the feet, club-foot, 
achondroplasia, synarthroses, fusion of I)one, absence of bones and 
hereditary diseases which influence their ossification and growth. 
The diseases affecting muscle function which have a hereditary 
etiologic basis are myasthenia gratis, hereditary ataxia, pseudo- 
hj'pertrophic muscular paralj'sis, multiple sclerosis (possibly), 
myotonia, Gower’s muscular atrophy and defects involving the 
fascial planes and connective tissue structures related to the muscles. 

Acquired Factors.— An acquired factor is one which influences the 
germ plasm, or the zygote whidi de\’elops from it, in any manner 
other than through the normal processes of inheritance. The time 
factor as to whether the influence occurred before or after birth is 
immaterial to the definition and only serves as an opportunity 
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iitidtT ulilcli tlie cause can produce diflerent Iviiid-j and decrees of 
c]iaiiKe._ Tlie term congenitnl implies only that the condition ante- 
dated birth and should never be iis«l to connote inheritance. 

All nc<p]irc{l factors nhich can pitnluce faulty posture must be 
included in the nutritional, exogenous chemical agent, physical 
force and cju-rgy, parasite, and psychobiologic categories. Informa- 
tion ot\ the prin^ary ctiologic factors responsible for the develop- 
ment of many prenatal conditions is too inadequate to theorize 
with much accuracy on the caiisc of these defects and it Is necessary 
to be content with a few postulates based on some observed clinical 
and cxporiincntal facts. 

The nature of nc<iuircd conditions %vhicli produce faulty posture 
and jneehniilcal defects is the .same as that described under inher- 
ited factors. That is, they arc strnctunil and functional defects 
uhidi interfere with the nonnni balances and meclianical rclatlon- 
hliips between parts. 

Fnim tlie stmlies of Jlall' on the origin of developmental defects 
in faultily implanted ova and the researches, of Stockard* on verte- 
brate embryology it has boon csmclusivcly demonstrated that envir- 
onmental factors can inn«eiicc the development of particular parts 
of the embryo. Stnekard, through his own e.vpcrimentntion and 
the interpretation of Mali's fimlings has contlndcd that any factor 
which blows the rate of <levolopmcnt of a part at that moment at 
which the buihling and growth of the part is at its most critical 
stage will result in arrest of growth and deformity. If Stockard is 
correct in his deduction that in the human the only general environ- 
mental factor which tan openite to cause slowing of the rate of 
development is want of oxj-gen then any influence that favors 
oxygen lack can be the cause of malformations. Stockard and many 
others agree that delayed implantation of the fcrtilizcfl ovum, 
implantation in less favorable parts of the tubal-nterine canal than 
the ordinary sites of attachment, improper chorion and placenta 
formation due to discnbc of the uterus, anti cliemical poisons acting 
on the whole einbrjonic stnicliirc, can interfere with the rate of 
growth of the whole embrjo and thus produce local arrests of any 
parts which arc at their critical stage during the time that the factor 
is operating. 'Hvu& a tvuralict of ptimati factors may act to produce 
the comp!e.x processes which interfere with the rate of grow'th. 

A second group of acquired defects, which mav still have part 
of their mechanism in inlieritanee, includes those characterized by 
intra-uterine nmpxitation. It h no longer believed that these are 
due to constricting anmiotic liands but are accountctl for primarily 
by developmental arrest or cj-tol.s’sis and histolysis of poor biologic 
material. It is in the latter that the influence of heredity is believed 

'Mall.F.r: Am Jour, Anat. 23. 72. 1917. 

> Stockard. C. It • Am Jour. Aunt . 28. 115, 1931. 



INTERNAL MECHANICAL FORCE 309 

to play some part. Obviously a body born with a part or the whole 
of some necessary mecliairical feature mUsiug, such as the foot or 
arm, will result in compensatory changes in posture. 

Total or partial deficiency of nutritive elements can produce 
structural and functional inccbanical abnormalities by interfering 
with tlie processes of bone, muscle, fascia and nerve physiologj’. 

Malnutrition in general is c-onsidered by most authorities to be 
equal to or of greater importance than faulty habits of sitting and 
standing in the development of bad posture. A weakened muscu- 
lature fatigues more readily than one in good physiologic activity 
and thus fails to retain the body frame in its normal position. 
Under fatigue the head hangs forward, the shoulders droop, the 
trunk sags and permits the bodies of the vertebra to rotate and 
produce scoliosis, kyphosis and lordosis, the lower abdomen becomes 
pendulous, the calf muscles and supporting tendons and ligaments 
of the ankle and foot lose their tone and allow the foot to pronate 
and the arches to flatten, and the whole body assumes the posture 
of a "flexor slump.” Under such conditions it takes almost too much 
willful effort to straighten up into the position of physiologic balance 
and the tendency is to establish a new equilibrium in the faulty 
position. 

Defects of special nutritive elements are exemplified by rickets 
and beri-beri. In these the bones, muscles and nerves are involved 
to such an extent that they either cannot tolerate the normal 
stresses placed upon them or cannot properly perform their accus- 
tomed mechanical movements. 

Overactivity or underactivity of the glands of internal secretion 
may so alter the general size and conformation of the body as to 
interfere w’itli its normal attitudes or may produce disproportions 
in its parts and bring about faulty postures. Other metabolic 
changes and diseases which disturb the architecture and strength 
of bones can lead to mechanical defects such as curving of bones 
(Paget’s disease), spontaneous (sic) fractures (Fraglllitas ossium) 
and dislocations under stresses which would ordinarily be tolerable 
to normal tissues. 

Infectious agents such as the tul>ercle bacillus actually destroy 
bone and cartilage and produce permanent deformity. Or micro- 
organisms may invade muscles, tendons, ligaments, fascia, and 
nerve elements and profoundly affect their mechanical efficiency. 
Chronic infectious arthritis, myositis, thecitis, synovitis, peri- 
arthritis, poliomyelitis, Charcot’s joint and other trophic changes 
following nerv'e infection, and spinal cord diseases are examples of 
the conditions affecting body mechanics which result from the action 
of invading organisms or their poisons. 

Fracture, crushing aud dislocation of bones, and nerve, muscle, 
tendon, and fascia injuries resulting from external traumatic factors 



310 THE MECIIAEfSMS OF MECHANICAL FORCE 

arc common causes of tcmjwrarj' orj^rmanent postural deformities. 
More static cxterii.al forces are tlie abnormal stresses caused by ill- 
fitting shoes, high heels, constricting articles of clothing, prolonged 
pressure from splints, cnitclies and otJicr mechanical contrivances, 
foreign bodies within the tissues and occupational stresses from 
continued standing, the assumption of strained attitudes, the con- 
stant repetition of movements and the prolonged pressure of instru- 
ments and tools on susceptible parts. In the absence of organic 
disease either the conscious effort to assume correct attitudes or the 
acquisition of good posture habits are the most important factors 
involved in maintaining the body in normal mechanic.il efBcienc}*. 
Conversely, the failure to establish wilful or habitual practices of 
good body mechanics is an outstanding cause of faulty posture. 

Even in the presence of tindemoiirishmciit or subjection to pro- 
longed and excessive strains the assumption of good postures and 
the avoidance of clumsy, ankivard and strained meclianical move- 
ments lessens fatigue. Deeaiise fatigue reduces mechanical efficiency 
poor posture pre(lisi)()ses to ba<l posture and sets up a idcious cycle. 

Defects in two of the special sense mechanisms are common 
causes of faulty posture. In children especially, the inability to 
hear or see well produces strained attitudes. A partially deaf child 
almost always turns the head to one side in order to catch the sounds 
more effectively and contorts the body to compensate for the strained 
position’. Children with defective I’ision lean far over their desks to 
bring the book or paper within their focus. Fatigue soon makes It 
necessary to relieve this strain by rotating the body in some way 
so as to bring support or relief to the tired back. The repeated 
assumption of these positions makes it easy for the cliild to sit the 
same way even when the nee<I for it does not c.xist. 

Disuse is an occasion under which some function or functions 
of an organization are held in abeyance. During this time a new 
equilibrium is established by the remaining active functions. These 
functions or new ones unfamiliar to the original organization may, 
under the changed conditions, produce results which ore unfavorable 
to the return of the part later to its original form. In this way, where 
a limb Is kept at rest too long serious circulatory, nutritional, and 
tissue changes occur that result in degeneration and atropliy of 
essential structures. 

Conditions of this kind exist in the operation of manj* factors 
which interfere with normal posture. To mention one, the tendo- 
Achilles shortens under the limited ercursions brought about by the 
constant use of high heeled shoes, lliis is partial disuse but the 
consequences are at least disabling. 

Since disuse is only an occasion under which active processes 
proceed without the aljsent functions it cannot be consitlered as a 
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categorical etiologic factor. It is like time; it causes nothing but 
permits much. 

The Effects of Faulty Posture.— \\Ttenever one organization 
exerts an influence on another the forces concerned effect some 
changes in the functions of both. These changes may be insignificant 
or highly important depending on the degree of inter-dependence of 
the functions. 

Faulty posture is a disturbance of relationship between parts 
(organizations) and must always be accompanied by changes in 
their force relationships as well. Thus, when the shape of the 
thoracic cage is altered by bad posture, all structures intimately 
related to it must undergo some shift in their equilibrium, which 
involves their functions to some degree. 

On the principle that every organization is built up of lesser 
organizations and that each level or organization possesses functions 
peculiar to itself it is logic.ally demonstrable that any disturbance 
of one function must have an effect on all functions. But certain 
of these functions may be so far removed from each other that the 
changes occurring in one as a result of change in the other may be 
so insignificant as to be practically immeasurable. That point 
of separation of functions at which effects become insignificant has 
been called the point (or zone) of “virtual indifference.”* 

It is this point of virtual indifference which must be determined 
in the study of the effects of faulty posture. For e.\ample; The 
functions of the kidney are practically indifferent to vascular changes 
brought about by faulty mechanics in an arm whereas there is an 
intimate relationship between the vascular structures in the pedicle 
of the kidney and the functions of the kidney so that any mechanical 
process which influences the pedicle to a harmful extent may alter 
some functions of the kidney. 

The problem of the relationship between form and function is 
of the same nature. The form of an organization (cell, tissue, organ, 
or the entire body) is an expression of its functions. Its size and 
shape is determined by and determines the limitations of its inferior 
functions. Any change of form must influence all levels of organiza- 
tion but mil affect some more significantly than others. Tims, con- 
striction of the lung by a compressed thorax may materially reduce 
its vital capacity but will interfere to an insignificant degree with 
the processes of gaseous exchange. 

When the principle of virtual indifference is combined with that 
of the limit of tolerance in physiologic equilibria it becomes apparent 
that it is difficult to be certain of dogmatic statements made on the 
effects of faulty posture. Out of the wealth of material which has 
been written on this subject there are very few clearly demonstrable 

> Friend, J. W.: Unpunished Lectures on Logic, New Orleans, 1930 
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futts ami fewer htill whieli can be prwlictcd or measured, hi this 
re\ie\v no attempt will beiuadc to cite all instames of disturbed 
function arising from faulty posture. 'I’lie present concern is only 
with the principles in\o!vctl, so tliat but a. few of the better tinder- 
stood effects will be given to illuminate the text. 

While it is difficult to measure tlie relative importance of bad 
Jiabits and poor nutrition In the development of faulty posture 
there is little doubt that .some mechanical defects and functional 
derangements result from the bad posture itself asnle from the 
action of these two primarily effectis’c causc.s. A young adult with 
a postural scoliosis of long duration may exhibit secondary changes 
in the pelvis and lower extremities as the result of meclianical com- 
pensation. Tilting of the pelvis and apparent shortening of one 
leg can in turn lead to further mechanical defects in other parts with 
muse le imbalance, increased fatigability and a long train of asso- 
ciated sjmptoms and functional inefficiencies. W'hen such bad 
dynamics involves the muscular and fascial walls of the abdominal 
cavitj’ some of the essential forces which aid in the support of ab- 
dominal viscera ore altered to a degree whicli permits the viscera 
to assume new positions in the equilibrium. Prolapse of individual 
organs may develop or there may be a general visceroptosis. When 
other factors such as trauma of cliildbirtli, bereilitary or congenital 
weakness of muscle and fascia arrangements, tractions caused by 
increase in weight of organs, etc., arc present in addition to faulty 
dynamics of postural origin, the likelihood of viscera) displacement 
is greatly increased. 

The alleged relationship Iietweeii poor chest c-vpansion and the 
development of pulmonary tuberculosis is an illustration of the 
difliculty of proving the influence of faulty posture as a causal agent 
of disease. The cramped and twistc<i thorax certainly expands 
less effectively than tlie normal cliest. As a result it is concluded 
that there is less relative movement of the apical lungs and a corre- 
sponding diminution in the circulatory efficiency and aeration of 
these parts. The proponents of the postural theory then jump from 
this anatomic-physiologic observation to the conclusion that it 
favors the development of tuberculous processes. It is hardly 
necessary to point out that this leaves a gap between cause and 
effect which has been bridged by only the most meager information. 

Vrifs tAtcsscA Wft vn/ian*itoft'fc v/i bft/iv 

mechanics in the production of subjective somatic distiirb.snces. 
The following quotation is from this oliserver’s discussion on body 
mechanics at the White House Conference on Child Health.^ “After 
prolonged study of the problem of so-called operative failures, I 

' Carnett. J. B.: Diacuaeion m ""Body Mechanirs: Education and Practice," 
Coromvttee on Medical Care for ChiUren, White IlouJe Conference, New York. 
Century C<>m|iany. 10.12. 
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came to the realization that in tlie gnat majority of patients com- 
plaining of abdominal pain and teiulerness, these symptoms are 
located in the abdomen. Further studies disclosed that the usual 
cause of pain and tenderness in the abdominal wall is an irritation 
of the spinal nerves where tliey make their exits through the ver- 
tebrffi and that the commonest cause of this nerve irritation is bad 
body mechanics, and further that even partial correction of bad 
body mechanics cures the abdominal pain and tenderness.” 

The influence of faulty posture (and nutrition) on the general well- 
being of school children has been best brought out by the Chelsea 
Survey.* In their conclusions on this survey, Xlein and Thomas 
state that “improvement in btxly mechanics was associated with 
improvement in health and efficiency. Improvement in posture 
was found to occur more frequently with training if there was 
improvement in nutrition as well. Among the children without 
posture training, improvement in posture occurred more frequently 
with those in the best nutritional condition. Training was the 
most essential factor in the acquisition of good body mechanics, 
and good body mechanics was associated in a small proportion of 
the children with improved nutrition. Since nutrition has been 
accepted as an important index of a child’s health, posture training 
would seem to be an important factor favorable to health, as indi- 
cated by its association with improved nutrition.” More specific 
conclusions are “The result of the practice (of habitual and steady 
retraction of the lower abdominal wall) is the elevation of the 
stomach, intestines, and other abdominal organs. Posture training 
is therefore, a safeguard against visceroptosis, which is frequently 
associated with poor health.” “Posture training improved the tone 
of the abdominal muscles and reduced the fat deposited in the 
abdominal wall.” “About four-fifths of the children observed had 
pronated feet. This condition was most frequently associatetl with 
poor body mechanics. It was more frequent among children of the 
thin tj^pe and was less among children with good nutrition.” “Pos- 
tural, habitual or functional lateral curvature of the spine (scoliosis) 
disappeared generally with improvement in body mechanic.s.” 
“Posture training and the maintenance of correct posture contrib- 
uted to the health and efficient^’ of normal school grade children.” 

Non-postural Stresses.— While the mechanics of posture may 
exert forces on organ arrangements which are not directly concerned 
with normal posture and disturbances of organ relationships may 
be factors in faulty posture there remain many forms of internal 
stress which under certain dreumstances become excessive or 
diminished to the point of producing harmful effects. These mani- 
festations are processes which have their own causative factors and 

> Kl^in, A., and Thomas, L. C.' Posture and Physical Fitness, Children’s Bureau 
Publ. No. 205, Govt. Printing Office, 1931. 
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the abnormal dynamic forces only arise in them as a result of ante* 
c-edent catrporicaj causes. If an enlai^jcd Jlver produces dimamic 
clianRes in tiie structures in relationship to it the cause of these 
changes must not be sought in the enlarged liver but in the causes 
of the enlarged liver. 

On the wliole it is the non-postural stresses which make up most 
of the dynamics of the bo«ly. Wljcn the body is in its most favor- 
able postural equilibrium the iiitenial strcsse.s continue to act. 
ICven when it is almost completely relaxed in sleep the forces of 
respiration, circulation, movements of viscera, muscle tone, and 
pressures ami tensions l>et»veen parts go on. If any of these are of 
sufliciont strength or character to influence otlier structures or 
functions harmfully they may give rise to disease. 

A few examples of non-postural dynamic influences are given 
below to illustrate the manner in whldi they operate as mediating 
causes. 

Among the hydrodynamic systems of the body are those in which 
increased or decreased pressures act to propagate or deflect the 
forces into a more seri<»u3 series of consequences. Under normal 
conditions the brain and its contents are in equilibrium with the 
pressure forces of tlie cerebrospinal fluid. When for any reason a 
blockage occurs in the mechanisms for removing U)e fluid from the 
subdural spaces or ventricles the cerebrospinal fluid pressure rises 
and exerts effects on the yielding brain whicli may be more serious 
than the primary effect which caused the blockage. In the same 
way a mild iridocyclitis may through chance of location involve 
the drainage area of the eye and set up an entirely new system of 
force by increasing intraocular pressure. 

The altered dynamics of a leaking aortic valve result in second.sry 
mechanical alterations of vital organs which may end in death of 
the patient. Hydroperitoneum from cirrhosis interferes seriously’ 
with diaphragm excursion wliicli in turn influences venous return 
and embarrasses heart action. 

Abnormal pressures from gases may also cause untoward effects 
beyond what might have been anticipated from the antecedent 
factors. The rupture of an emphysematous bleb beneath the 
visceral pleura causes pneumothorax which if made persistent hy 
a valve-like action at the rupture may’ reach a pressure within the 
pleural cavity’ of a degree that will do much more harm than simple 
collapse of the lung. An opening from the trachea or larynx through 
a rupture whicli permits the atmmpheric air to enter the subcutane- 
ous tissue may result in a generalized subcutaneous emphysema 
with serious consequences. Gaseous distention of the stomacJi and 
intestines is dangerous when the walls of these organs have been 
previously weakened. 

Although many factors predispose to the development of inguinal 
and other hernias, dynamic pressures play an important role in 
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their natural history. The repeated accentuations of intra-abdom- 
inal pressure brought about by coughing, bending, straining at 
stool, and weight-lifting cause the mobile, air-water containing 
intestines to bombard the weakened abdominal wall. At some 
moment when the gut has insinuated itself into the area of lessened 
resistance, a sudden increase in pressure may force it the rest of 
the way and the potential hernia becomes manifest. 

Obstruction of the external auditory canal or Eustachian tube 
disturbs the air equilibrium on both sides of the tjunpanum and 
interferes mechanically with the transmission of sound waves; a 
vacuum may develop in the sinuses of the nose by one way blocking 
of the exit of air; air emboli in the circulation block the flow of blood 
through small vessels as effectively as solid particles; bronchial 
obstruction may produce atelectasis or emphysema in the lung 
beyond. 

The size and mass of an organ can be increased bj' overgrowth 
or hyperplasia, new growth, engoigement, accumulation of secre- 
tions, inflammation and many other pathologic processes. Such 
increase always means encroachment on other structures and the 
establishment of new dynamic relations between them. The latter 
may be of the nature of a push or pull and so dislodge the neigh- 
boring organs. For example, a large, hen\w diseased testicle may 
exert tension on the cord and favor the development of hernia; 
masses of different kinds can e.xert pressure on nearby vessels and 
cause local anemia of other tissues by obstruction of the arterial 
blood supply or stasis by obstruction to veins; an enlarged displaced 
uterus may not only interfere with its own functions but exert 
untoward influences on the bladder and rectum. 

Non-postural muscle and bone defects of structural or functional 
nature can likewise disturb the static equilibrium of parts not 
involved in mechanical movement. When these tissues act as 
containers or supports for other organs or tissues, derangements in 
them can produce side effects not a part of the original disease. 
Such are seen in Paget’s disease of the skull, tumors, degeneration, 
atrophy and softening of bone, parali'sis of muscles such as those 
of the diaphragm, stomach, intestines, any of the sphincters, soft 
palate, esophagus, abdominal wall, levators of the pelvis and the 
extrinsic and intrinsic muscles of the eye. Diseases of muscles other 
than those resulting in paralysis may also disturb their mechanical 
relation with other parts. 

This review empljasizes the important role of static mechanical 
force in the natural history of manj’ of the most common diseases. 
It must be reiterated that these are not primary' initiating factors 
but segwents of events which have been inaugurated by other 
causes. They in themselves do not explain disease but only aid in 
describing it. 
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EXTERNAL MECHANICAL FORCE. 

Mccliaiiical forc-cs which originate in the environment etert 
their effect by adding new stresses to Iwwly incchnnisnis, opposing 
accustomed rcsistanc'cs, and disorganizing tissue and organ 
integrity. In their ultimate an^>'sis each of these effecte is a dis- 
turbance of equilibrium brought about by the conversion of the 
external force into a component of the forces within the organiza- 
tion wliich they affect. Unless this occurs the force is ineffectual. 

In this, as in all other phenomena which exhibit tendencies to 
disturb tlie organization of living material, the force must be of 
such strength and nature as to disturb physiologic equilibria beyond 
their point of tolerance. Thus a mild pressure npplie<l for a short 
time may temporarily distort the physical structure of a part, or 
interfere with its circulation, without forcing any of its functions 
beyond the point where they can restore themselves by tlie use of 
their normal accustomed mechanisms. This pressure may cause 
pain, and produce anemia and tissue anoxemia with temporary 
failure of other functions but the entire organization can return to 
its original state by its turn powers alter the pressure is releaseti. 
If a small vessel is rupturwl however, or a nerve ejiding injured or 
the continuity of the skin broken, reparative processes must inter- 
cede to restore the part to normal. Under the latter circumstances 
pathology has resulte<l; it is obser\*able and measurable whether 
it lasts for a long or sliort time, and it Is identified by the appearance 
in the organization of functions potentially present but not ordin- 
arily present In that kind and degree in the normal processes of the 
functions concerned. 

Every contusion, sprain, fracture, and stretcliing injury shows 
its effects by adding new stresses to body mechanisms. The effec- 
tive causes in these instances exert force against resisting structures 
and meet wth more or less success in disarranging structure and 
disturbing function. 

The opposition to accustomed resistances is exemplified by the 
removal of the opposing action of muscle groups througli prolonged 
immobilization by splints, forceful restriction to movement by 
tight corsets, garters, ill-fitting shoes and orthopiedic appliances 
or the sudden release of accustomed resistance shown by the adjust- 
ments necessitated through the loss of teeth or any other bodies 
w’hose functions depend on normally opposing forces. The appar- 
ent negativity of this of medianical force is due to the masking 
of the antec^ent force by the changes it produces. Some of the 
effects may be attributed to secondary changes induced by the 
altered body djnamics as indicated in the previous section.^ The 
processes of disuse are aUo created by this loss or diminution of 
opposing forces. Neither of these two processes must be confused 
with their cause. 



EXTEHNAL MECHANICAL FOECE 


317 


Disorganization of tlie int^rity of structure is shown in all lacer- 
ations, tears, abrasions, puncture wounds, fractures, ruptures, 
cnishings, and severe concussions. In them the force must be suffi- 
cient to cause the separation of contiguous structures or parts of 
structures whether this separation be molecular as in concussion of 
the brain or gross as in the vast number of traumatisms where 
dissolution of continuity occurs. 

It is ob\'ious from these examples that this force is responsible 
for most of the common traumatisms and accidents of daily life. 
Its source therefore is potentially present throtighout the physical 
environment and its effect is felt either by intercepting it while in 
motion, resisting it when it is static, or meeting with its resistance 
«hen the parts themselves ate in motion. 

THE DEFENSES OF THE BODY AGAINST EXTERNAL 
MECHANICAL FORCE. 

The resistances of a ph^ sical body against mechanical force are 
measured by its resilience, elasticity, stretch, and crushing strength. 
Its total resistance is further modified by the conditions under which 
the body is disposed when the force acts, that is whether it Is free 
to move under the force or is restrained by its surroundings. 

In the Imman body these all play their part to vnrj'ing degrees. 
Thus, resilience is more evident in muscle than in bone but less 
than in skin; elasticity is greater in bone than in cartilage; crushing 
strength is greater in teeth than in bone; there is more freedom of 
movement between the bones of the extremities than the bones of 
the skull and the brain is less able to give way to a compressing force 
than the abdominal viscera. Tlie mobility of joints permits the 
levers of the extremities to move and absorb w’ithout damage many 
forces which might otherwise fracture the bones; the resilience of the 
abdominal wall and the dynamics of its contents allow considerable 
pressures without danger of rupture; the flexibility of the skin and 
its ability to move over the loose connective tissue beneath protect it 
from tearing and splitting forces; bumpers and dampeners made of 
fat, cartilage, connective tissiie, and fluid take up most of the 
ordinary shocks to which the body is constantly exposed. 

All of these mechanisms add to the margin of safety against 
damaging disturbances. Due to changing muscle tonus and the 
variable rigidity of muscles under reflex or voluntary contraction 
the body is never in a constant state of ability to defend itself 
against outside forces. Iltere are occasions when muscle relaxation 
is a more effective defense than muscle contraction. Thus, a muscle 
fracture of the patella cannot occur if the extensors of the knee are 
completely relaxed when the foot is suddenly arrested by tripping. 
The common saying that a drunken man is less liable to injury 
from a fall is based on the fact that he is relaxed and does not tense 
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lus muscles to protect liimsclf. Ujgklity dimiiiislies tlie opportunity 
for tlic arms and legs to flex or extend under the force. 

On the other hand tense hanl muscles are more cfTective in dis- 
tribtiting and absorbing the force of blows. SJiock is less likely to 
follow n blow on n hard ab«lomen than one which is soft, fatty and 
rclaxe<l. Compression of the clicst is lictter resisterl by a strong 
musculature. 

The imjiortant viicera, hlood-vesscls and nerves are deep-set 
within protecting coverings and are permitted considerable free<loin 
of motion. Wien normal they can be damaged only by inordinately 
e.xcessive e.'ctcrnal mechanical factors; for penetrating instruments 
to reach tlicm the resistances and tendencies to deflection by the 
numerous overlying layers must first Ixj overcome. In many of 
these organs a considerable part of the cov'cring is bone. 



CHAPTER XXVUI. 


TPIE DEFENSE AGAINST MECHANICAL FORCE. 

PREVENTION OF FAULTY BODY DYNAMICS. 

Poor Posture.— Given a body normally developed without obvious 
asjiTnmetries, the most effective means to prevent faulty body post- 
ure will be the inculcation of good h.abits of sitting and standing 
and the maintenance of a good state of nutrition. The first is 
especially necessary in the face of improper seating and desk arrange- 
ments which favor faulty attitudes in the school and home. It is 
generally taken for granted that a child seated at a poorly designed 
school desk must acquire poor sitting posture. This can be agreed 
with when other predisposing factors are present but a healthy, 
ttell nourished, happy child is not quite so susceptible to faulty 
molding. It is the disinterested, slumping child who not occasion- 
ally, but aluays, slouches, who is liable to become a victim of fixed 
habits of sitting and standing. Training, mimicry, emulation of tiie 
upright form in others are more powerful determiners of good post- 
ure than the physical arrangements are to poor attitudes. The dis- 
advantages of bad seat and desk arrangements are centered largely 
around their fatigue producing effects. When a child has to double 
his legs under him to raise his body to a comfortable height for his 
desk he fatigues rapidly and cannot maintain that position. The 
same is true when he must sit on the edge of the chair to reach the 
desk set too far in front of him. Fatigue does not limit itself to the 
muscles immediately concerned but involves the whole body and 
induces a general slump. On the other hand it cannot be said that 
the healthy normal child will always sit well on the carefully planned, 
physiologically perfect posture chair at a desk as thoughtfully 
provided to fit his individual needs. 

It is when the other important factors of nutrition and psychic 
interest are at low ebb that poor physical seating arrangements 
encourage the unphysiologic imbalances of faulty posture. Such 
a child sits poorly, stands poorly and in general, moves poorly. 

Too long hours at a .single task are fatiguing to the active child. 
School periods should be so staggered with recess, lunch time, and 
clianges of interest that neither muscular, psychic or general body 
fatigue have time to develop beyond minimum amounts. 

Attention to defective hearing and vision is necessary to remove 
the need for strained positions which favor these faultv mechanisms. 

( 319 ) 
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rugs on polished floorsj falling do\i’n from rocking chairs and so 
forth, but there is little excuse for failing to take a little precaution 
and to use common sense. of tJiese accidents are beyond con- 
trol by the simple expediency of using a little more care and thinking 
just a little ahead of the immediate present. It is the principle in 
“look before you leap.” 

The same applies to the use of tools and the handling of machines. 
Assuming that the individual is of sufficient age and intelligence to 
use mechanical appliances it does not necessarily follow that he 
uill not injure himself in their use. Many automobile accidents 
result from failure to fix the attention on the needs of the moment 
and e.xercise a modicum of forethought against possible eventuali- 
ties. The most skilful technician may suffer injury’ from the machine 
he knows best if he permits himself to liecome careless. 

Accidents due to medianical failures can be avoided in part by 
careful construction, frequent inspection, and early repair of 
mechanical parts. It is the rickety ladder, Morn brakes on motor 
vehicles, unsafe scafTohling, broken boards on floors, loose parts in 
machinery, and use of faulty materia! in construction that account 
for many accidents. 

When any individual factors are present, such as sickness (either 
physical or mental), e.xhaustion and fatigue, or defects of body 
mechanics, the need for attentiveness and forethought become 
doubly necessary. 

It must be ndmitte<l that many unpredictable and une.Tpectcd 
hazards exist which make life dangerous under many circumstances. 
One can hardly be expected to anticipate at all times, for e.xample 
the possibility of injury by falling Ijodics, explosions, motor cars out 
of control, attack by men and animals, or collapse of buildings and 
other structures. But there remains a little hope of avoiding some 
degree of injury in e^’en these by quick and effective responsiveness 
of mind and body. 'Hicre are some who respond so rapidly to 
awareness of danger that they appear to escape injury almost mirac- 
ulously. There can be little doubt that some of this ability may be 
bettered by training. 

Because of the wide variation in individuals and the probability 
that some one will be hurt at some time by certain factors in the 
environment the principle of safety first has been quite generally 
adopted. "Whenever known hazards exist protective devices should 
be employed Guard rails on bridges, railways, and dangerous roads; 
screens and rails around machinery; reduction in movable parts of 
machinery or coverings to make tliem inaccessible; fenders on mov’- 
ing vehicles; safe treads on stairs; carpets nailed down or weighted 
on slippery floors; non-skid devices of all kinds, represent but a 
few such devices. The person may be protected further from 
mechanical injury by the use of gr^Ies, gloves, headguards, specially 
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designed clothing, such as heavy boots, leather vests, and aprons, 
finger cots, thimbles, etc. Unfortunately, manj’ of these are un- 
comfortable and cumbersome and workers ^Y0^1d rather take a 
chance than use them. 

Certain general measures have helped to reduce the possibility 
of accidents. Governmental measures which aim to place liability 
for accidents on employers have forced many manufacturers to the 
use of protective devices. The compensation law’s have made it 
worth while in dollars and cents to prevent accidents to employees; 
trade unions ha\^ insisted in some instances that their members can- 
not work under certain unsafe conditions; public opinion and the 
use of the tax payer’s money have brought pressure on civic organ- 
izations to build safe roads and bridges. 

Government inspection in public works aims to pre^'ent accidents 
by assuring the use of reliable material and the erection of safe 
buildings. Insurance companies and underwxiters require that the 
operations which they cover moot certain specifications as to struc- 
ture, material and margins of safety. 

Although motor vehicle regulations are still in their constructive 
stage they have the potential power to prevent many accidents by 
such measures as examination and licensing of drivers, brake test 
certificates, traffic control, and deterrents to careless driving. 

In conclusion, accidents happen because of knowable causes. 
They originate from definite circumstances in the environment and 
affect the individual through mechanical force operating in a pa> 
ticular way to a particular degree. The application of the principle 
of intervention in the prevention of injury by external mechanical 
force must logically succeed by just that amount to which it can 
be effectively employed. Nowhere near the limit has yet been 
reached in the effort to prevent preventable accidents. In the long 
run education will be the main factor for it creates awareness of 
danger to the individual and to others and reveals the need for all 
preventive measures which can possibly be applied. 



CHAPTER XXIX. 


THE liXEEUENCE OF BAROilETRIC PllESSURE. 

Tjik atmiisplierc crerts a pressure of 14.7 pinmfls per square inch 
at sea-levci. By the Jaws of pases tliis pressure is equal ii\ all direc- 
tions and is transmittwl to nil sides of all objects to which it has 
ac-ccss. But even at sea-level this pressure can be varied by the 
action of other forces which are not in equilibrium with it. Thus 
atmosplieric pre-ssure can I»c raised to a barometric pressure greater 
than 14.7 pounds per .srpiare inch by ctmipres.sion of air in a closed 
chamber or the barometric pressure reading can be brouglit lower 
than atmosplieric pressure by the creation of a partial vacuum. 
Most measuring devices register the amount of cliange above or 
below atmospheric pressure. When amdensed air is measured at 
15 pounds it means that it is atmospheric pressure (14.7 pounds) 
plus 15 poumls, or 29.7 pounds. This measurement, being 29.7 
pounds above actual zero pressure is called the absolute pressure. 
If the measurement is exactly twice 14.7 or three times 14.7 it is 
spoken of as 2 or 3 atmospheres respectively. Should the instru- 
ment be calibrated to read zero at atmospheric pressure then in the 
example cited the readings would l)c plus 1 and plus 2 atmospheres. 
A force of 14.7 pounds per square inch is able to sustain a column of 
water .33.0 feet Jtigh. If the water is contained in a tube 40 feet 
liigli the water cannot be forced above 33.9 feet by atmospheric 
prc'jsure alone even though there be n vacuum in the 0-foot space 
allow e<l for it. Nor can it be drawm above the 33.9 foot mark by 
suction. 

This principle is emplojcil in the liquid barometer bvit because 
of the bulk and iinwieldii)cs.s of an instrument .34 feet high mercury 
is substituted for water. Since mercury is 13.0 times heavier than 
water it can be supportetl in a column only 29.9 inches high (I/I3.6 
of 33.9 feet). This Is often expressed as 700 mm. of mercury. 

I'nder stable atmospheric conditions at sea-lcvel the entire 
external surface of tlie body is subjected to a pressure of 14.7 
pounds per square inch. Within the body the same pressure exists 
in e\er>' part to which air has free access. In partially closed 
cliambers which arc subject to kinetic pressure changes the baro- 
metric pressure w ill register somewlint aliovc or below 14.7 pounds 
depending on whctlier the kinetic forces result in compression or 
exliaustion of air. In the lung at rest the intra-olveolar pressure 
is 700 mm. uiiiuis the clastic pull of the lung tissue; during^ rapid 
expiration it is raised slightly above 7GO mm. by compression of 
( 324 ) 



THE INFLUENCE OF BAROMETRIC PRESSURE 


325 


short, quick duration; tlie normal pressure on the two sides of the 
membrana tyinpani is equal at 760 mm. but it may be increased or 
decreased on either side by obstruction of tlie Eustacliian tube or 
external auditory canal. 

From the moment of rupture of the amniotic membranes at 
birth the human infant becomes subjected to atmospheric pressure 
in place of the hydrodjuiamic forces of the amniotic fluid. The 
physiologic readjustments to the changed conditions are rapid and 
permanent. The chest nail expands, the lungs fill with air, the 
respirator}’ cycle is initiated, air enters the alimentary tract, and 
all parts of the body come into stable etiuilibrium against the pres- 
sure of 7G0 mm. of mercury. From this time on further physiologic 
adjustments are necessitated only by shifts in the external atmos- 
pheric pressure. Such shifts may result from natural or artificial 
causes and can take place slowly or rapidly. The effect on the 
physiologic equilibria will therefore vary with the rate and degree 
of change. 

At any given altitude the barometric pressure varies slightly 
with the passage of areas of high and low pressures brought about 
by meteorologic conditions. The studies on mass air movements, 
cj’clonic storms, air movements due to local and general tempera- 
ture changes, ionization of air, and other meteorologic factors, show 
that barometric pressure varies with these conditions but that the 
change is limited to a relatively small range of a few’ inches. A 
high barometric pressure due to any of these causes would be in the 
neighborhood of 30.5 inches of mercury and a reading as low’ ns 

29.0 inches is exceptional. 

There has been much speculation on the possible effects of these 
small pressure changes on man in health and disease but little of 
it bears the brand of scientific accuracy. Man has long observed 
the exacerbation of rheumatic sj-mptoms in anticipation of the ohset 
of storms and changing weather conditions hut such correlation, 
acceptable as it may be, does not prove a causative relationship. 
The behavior of birds and animals before approaching storms is 
given as corroborative evidence. None of these observations can 
point to the meteorologic factors most involved in explanation of the 
phenomenon. That it is due to liarmoinetric change alone is only 
surmise. 

Smith^ has demonstrated that there is water retention in the 
bodies of dogs and rats when the barometric pressure is lowered 

2.0 cm. to 9.8 cm. of merairj’ during a period of twelve to forty- 
eight hours and that this disturbance of w’ater balance is accom- 
panied by restlessness. He concluded tliat possibly hydration is the 
mechanism which induces reactions in many animals and some peo- 
ple to changing weather. 

> Smith, C. S.; Am. Jour. PhysioL, 87, 200. 1928. 
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More marked clianRCS of barometric pressure occur on the ascent 
to higher altitudes or de^tcot l>e]ow sca-levcl and submersion in 
deep water. 

Atmospiieric pressure riiminisbes at the rate of approximately 
] inch of mcreury for every ]00()-foot gain in altitude. The factor 
of greatest pliysiologic importance accompanying tliis decrease in 
atmospiieric jircssure is the alveolar oxygen tension (per cent of 
oxygen X absolute atmospbcric pressure in millimeters of mercury), 
lleductum of oxygen tension results primarily in the production of 
anoxemia. Although most |)eople m'll be affected by this at alti- 
tudes of 3(X)0 to 50()0 feet if the ascent is rapid, individual differ- 
ences do not appear until the 70(X) to 10,000 foot mark is reached. 

Altitude or mountain sickness (airplane sickness) is characterized 
by dizziness, torpor, malahe, and anorexia. It may be so trouble- 
some as to bring on actual vomiting. The work output is diminished 
and fatigue occurs early. At extreme heights (20,000 feet) the 
Libor of climbing is so severe that only a few steps can be taken 
before rc^st becomes acutely necessary. These symptoms are prima- 
rily due to air hunger in the tissues brought aliout by oxygen want. 

Grollmatd made careful studies on the metabolism of individuals 
who ascended to an altitude of 10.700 feet (Pikes Peak) after having 
first been acclimated at sea-Ievel. Ilia conclusions were that the 
cardiac output of young normal individuals at this altitude Is 
gradually Increased during the first few days after tlieir arrival from 
a low altitude but that it soon begins to decline and resumes its 
normal sea-Ievcl value within two weeks. The cardiac output >vas 
found to Increase as much ns -10 per cent in five dnj’s. He does not 
believe that the decreaswl o^'gen tension acts as a direct stimulus 
to the cardiac output. 

Grollman further obserx’ed that .won after arrival at the high 
altitude the hennitopoietic system is stimulated. Du Bois* found 
an increase of reticulate<l red blood cells at this same altitude 
(450 mm. of Ilg.. Bar. Press) and a hemoglobin count as high as 122. 
In the ascent of Pikes Peak, Du Bois found a rise of 10 per cent hemo- 
globin for every 100 mm. drop in pressure after reaching the 7000 
foot level. 

These observers and others conclude tliat in acclimatization to 
high altitudes the increased hemoglobin content substitutes for 
the increased cardiac output and permits the latter to restore itself 
to its sea-level value. 

Du Bois found no significant change in the b.isal metabolic rate 
at lO.OOQfeet, a slight shift in the pH of the blood tonard the alka- 
line side, diminished ammonia formation by the body and increased 
excretion of alkali by the kidney's. He found that complete com- 
pensation for this alkalosis never occurretl. 

> Grollm.m. A.: Am. Jour. Phsrslol , 93. 19, 1930. 

» Du Boi9. E U- S. Nav. Med Bull . 26, &33. 19’S. 



THE INFLUENCE OF BAROMETRIC PRESSURE 327 

Peterson* studied the influence of low atmospheric pressure on the 
leukocytes and demonstrated that it produces a relative lympho- 
cytosis with a decrease of 10 to 14 per cent of the poljTnorpho- 
nuclear leukocytes. The leukocj’tosis in 13 out of 100 individuals 
examined was above the usually accepted upper normal limit of 
10,000 per cu.mm. 

Cook- has giveji striking evidence that the effect of high altitudes 
is not alone due to simple reduction of oxj’gen tension but that the 
reduced total pressure per ae is of importance. Cook tried, in his 
own words, “to see if the old assumption were true that the effect of 
a reduced oxjgen tension, whether secured by reducing the per- 
centage of oxj'gen at atmospheric pressure or by reducing tlie total 
pressure (effect of altitude) would be the same.” He concludes 
that the different action of reduced o.xygen tension and reduced 
total pressure was not wholly due to purely physical causes having 
to do with solution and diffusion of gases, but is dependent on the 
organization of the cell itself. To explain this he assumes the exist- 
ence of a cell catalyst which is concerned only with the uptake of 
oxygen in the cell and not with its whole o.xidation processes. 

The upper limits of physiologic adaptation to high altitudes for 
man is set by Campbell* at 18,000 to 20,000 feet. At this elevation 
the oxygen has dropped to 10 per cent and although he points out 
that Thibetans, >aks and other animals can survive at this height 
for several months it is not reasonable to speak of this as true accli- 
matization. Under 10 per cent oxj'gen and over 20,000 feet he con- 
siders it pathologic, not pb\'siologic adaptation. Haldane places 
the physiologic limit on the basis of water vapor pressure in the 
lungs. At body temperature this pressure is always 47 mm. of 
mercury no matter what the altitude. If the barometric pressure 
were to be reduced to 47 mm. the lungs would be entirely filled with 
water vapor and cause asphjTcia. It is the water vapor which 
becomes the limiting factor according to Haldane when an aviator 
goes much higher than 30,000 feet. 

Barometric pressure increases so slowly with descent in air below 
sea-level that within the distances penetrated by man this increase 
is practically negligible. 

He is artificially subjected to high pressures, however, under 
certain conditions where the air pressure is raised within closed 
chambers for the purpose of ^ving support against high external 
pressures. This is met wth in subterranean construction work and 
in working at deep water levels. Unprotected divers are also sub- 
jected to pressures greater than the atmosphere due to the pressure 
of the surrounding water. 

hlen employed in occupations necessitating compressed air 

' Peterson, R F , and Peterson, W. G. Jour. Lab. and Clin. Rfed , 20, 723, 1933. 

• Cook, S. F.: Jour. Gen Phsrsiol., 14, 55, 1930. 

• Campbell, J. A.; Brit. Jour Exper. Path , 16. 39, 1935. 
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C'lmrnbtTs wrk iinder pressures of 3 to 5 atmospliercs and deep-sea 
tUvers Roing to <Icpths of 180 to 200 feet are subjected to G to 10 
atmo3{)lierc&. 

At tliese liigli pressures it is llic irartia! pressures of the gases and 
not tiielr percentage wliich is of physiologic significanee. Under 
working conditions the percentage of o.\\gen is maintained by air 
movements and intake of fresh air. 

The outstanding influence of liigh pressures on man is the altcrctl 
nitrogen balance in the tissues. Du IJois* expresses the problem 
concisely as follows: “In round figures the hlood at sea-Ievel con- 
tains 1 per cent nitrogen gas in solution and most of the tissues are 
supiKisetl to be in equilibrium at this le%ch Under increased pres- 
sure it takes several hours (three hours according to Haldane) 
before the blood can transport from the lungs enough nitrogen to 
saturate the whole body at the new pressure. Those parts whose 
circulation is gootl, such as the muscles, glands, and brain, saturate 
more rapidly than the ligaments, bones, and white matter of the 
cord. The fat depots with their high afiinity for nitrogen and very 
scant vascular supply will not be fully .saturated for a Jong time.” 

According to Cunningham* the nitrogen tension in the spinal 
fluid varies nearly directly with the barometric pressure. Thus at 
5 atmospheres (absolute) the nitrogen content of the cerebrospinal 
flui<l is 5 times that at sea-lcvel pressure. 

\\Tien a man who has been subjecterl to high pressure for a suffi- 
cient length of time to permit saturation of his tissues with nitrogen 
under the new tension, is suddenly released from this pressure, 
the nitrogen in solution “froths” and forms bubbles in the tissues. 
That is, it cannot be removed quickly enough by the circulation and 
the lungs before tlie pressure is reduced to the point where the 
nitrogen will pass out of solution and form bubbles. Those parts 
where the circulation is poorest and affinity for nitrogen greatest 
will give up nitrogen last and thereby be subject to gas formation 
at pressures a little abo>’e one atmosphere. TJie w’hite matter of the 
cord has a little less affinity and slightly more vascularity than fat 
tissues and might be able to free itself of excess nitrogen before 
.sea-level pressure is reached. But if decompression is too rapid 
bubbles of nitrogen form in the spinal cord and produce serious 
damage. These bubbles in ner\’e, blood and other tissues may act 
as emboli, produce local pressure sj'roptoms, and if large enough, 
cause actual physical damage. 

The s.vmptoms accompanying this process produce the classical 
picture of the “bends” or caisson disease. In some instances the 
sjTnptoms may be ilolayed for several hours after decompression 

1 OaBois.E. U.8 Nav. Med. Butt. 27,311, lOZa. 

* Cunninghara, O. J , Rand, J. H„ imd WecLesecr, E C. AitJ. Jour. Physlot.. 107, 
IM. 1934. 
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apparently clue to gas bubbles fonning originally in innocuous 
areas moving later to other parts where they produce symptoms. 

Slow decompression gives time for readjustment of the nitrogen 
concentration and allows the gas in the tissues to be taken up by 
the blood and eliminated through the lungs. A succession of such 
readjustments permits the nitrogen tension to diminish coinciden- 
tally with alveolar air tension and so prevent the disproportion 
which results in bubble formation. This is accomplished by the use 
of air locks with successively’ lower air pressures. The workman 
passes through them in succession; first through the lock with a 
pressure lower than that under which he has been working, and last 
through one with a pressure a little above one atihosphere. 

Exclusive of the pathologic physiology’ responsible for the “bends” 
the increased partial pressure of the nitrogen is responsible, accord- 
ing to Behnke* and his coworkers, for other symptoms in the worker 
under high barometric pressures. These observers state that high 
barometric pressures have a narcotic effect on man which first 
makes its appearance at 3 atmospheres. This effect is characterized 
by slow mentality, and impaired neuromuscular coordination. 
At 4 atmospheres there is increased liability for making mistakes, 
past-pointing and exaggerated movements. These are accompanied 
by a sense of well-being. At 10 atmospheres judgment is impaired, 
there is difficulty in assimilating facts and making quick decisions. 
Sensory’ reception is not affected but there is delayed response to 
sensory stimuli. Stupefaction can occur at this high pressure. 
They infer that the physical properties of nitrogen render it analo- 
gous to narcotic substances due to its high coefficient of solubility 
in lipoid matter. 

Stott® reviews a number of predisposing factors which he believes 
are responsible for the individual differences seen in those subjected 
to similar pressures but only some of wbora develop caisson disease. 


Pers(mal eqmlion faclora: 
Efficiency of circulation. 
Debilitation from dise.'ise. 
Malnutrition. 

Alcoholic excess. 
Constipation. 

Chronic fatigue. 

Effects of cold and exercise. 
Organ disease: 

Arteriosclerosis. 

Heart lesions. 

Respiratory disca.se. 


Anemia. 

Edema. 

Status lymphaticus. 

Age: Rate increases over thirty y’ears. 
Those over forty with few excep- 
tions, are excluded from work 
under high pressures. 

Obesity: Fat men are ill-fitted. Fat 
prevent.s rapid desatura- 
tion. 

Fatigue: Impairs circulation. 


' Behnke, A. R., Thomson, R. M., and Motley. E. P.; Am. Jour. Physiol., 112, 
SM, 1935 

’ Stott, A. A.; Indust. Med., 3, 43, 1934. 



CHAPTER XXX. 


THE EFFECTS OF COLD AND HEAT. 

'I'nF. cells of tlic body of man are adapted to a temperature range 
of about 05.8* I'\ (5:j.2“ C.). The extremes are approximatelv 
21.2° F. (-0° C.) and 117°F.(47.2°C.). 'Die former is the limit set 
by the freezing-point of protopla.sm and the latter is the point at 
which the proteins begin to coagulate. 

The organization of man as a whole can stand a much uider 
variation of external temperatures because of protecting and adjust- 
ing mechanisms which prevent the Ijody cells from reacliing these 
extremes. The length of time over whidi the hotly is e3q3osed is of 
importance. Tlie adjusting mechanisms are efficient enough to 
enable a man to svnvive an external tcmpcratviTe of 248° F. (120° C.) 
for a few minutes, but if the Inxly temperature reaches 108° F. 
(42° C.) and is permitted to remain at even this low temperature 
for more than two hours the proteins of some cells will begin to 
coagulate. It is for this reason that 108° F. is considered as a critical 
height for sustained fevers. At the cohl end of his temperature 
range man can withstand temperatures as low ns — 40°F. (— 40°C.) 
to —00° F. (—51.1° C.) provided he can keep active and is not 
expose<l for long. Reincke* reports the recovery of a drunken man 
who had been exposcil to cold and showed a rectal temperature of 
75.2° F. (24° C.). 

The body ns a whole reacts to a limited degree to changes in 
environmental temperature in the same manner as inanimate pliysi- 
cal bodies by absorption and elimination of heat. Various investi- 
gators have shown temperature gradients at distances beneath the 
skin surface which are independent of temperature changes due to 
vascularity and otlier processes that might affect it. 

Unless the temperatures are extreme the purely physical changes 
are of negligible physiologic importance. Wien they do assume an 
important role it is generally under circumstances in which the heat 
or cold is applied to local parts and acts locall)'. 

Changes in body temperature due to environmental heat and cold 
are the result therefore of a complex of phj’sical exchange, physico- 
chemical change, and general adaptive mechanisms. Since the body 
is a heated body the temperature of which is maintained by an 
adjustable heat mechanism, its reaction to temperature influences 
is dynamic. It is a positive adjustment, most marked wlien the 
■ Remcke, J. J.: Dnifurh. Arfh. f. Win. Me»i , IB, 12, 1S75 
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entire meclianism of the body is involved, less so in the case of local 
tissue reactions, and quite limited when individual cells only are 
affected. In each of these processes there is a limit of tolerance, as 
has been indicated in the discussion of the temperature ranges of 
the cells and body at the opening of this chapter. 

Cold.— Cell tolerance to low temperature is efRcient until the 
effects of freezing become manifest. This point varies with different 
cells and depends on their water content and probably also the 
relative proportion between their free and bound water. Cells with 
small amounts of water can withstand freezing and subsequent 
thawing without apparent damage. Although cell metabolism is 
slowed almost to a standstill and mitosis is reduced they may be 
revived by restoring them to their natural temperature. Brooks' 
states that a temperature considerably below —20° C. (—4° F.) 
(roughly between —40° C. (—40° F.) and —60° C. (—76° F.)) is 
required to freeze the free water in muscle completely. Wells® 
remarks that the effects of freezing on cells is physical and results 
from the current set up about the ice crystals in thawing, the con- 
centration of the cell constituents which results from the freezing-out 
of water, and the rapid contraction and expansion under the influ- 
ence of the cold and ice formation. 

These effects are described by Aschoff* as a depression of the 
speed of chemical reactions, disturbance of colloid and intercellular 
substance exchange, clianges In osmotic pressure on account of the 
presence of salt-free water, gel formation, vacuolization, shrinking 
of the nucleus, and general injury to cell vitality with eventual 
disintegration and necrosis. 

Local tissue reactions to cold depend on the disturbed equilibrium 
brought about by the above cellular changes, alterations in the 
physico-chemical state of the tissue fluids and electrolytes, changes 
in the temperature of the blood, increased permeability of cell walls 
and capillaries, liberation of the products of deranged cell metab- 
olism, and the effects on the ner\’e elements in the tissue. 

The local tissue effects of cold are seen in occupations in which 
refrigerants are handled, as in cold storage plants, in occupations 
requiting submersion of the hands or feet in cold water suck as in 
digging ditches and drains in the open, longshore work, road work, 
marine labor, hunting and trapping, plumbing, and excavating. 
Cold air may freeze or nearly freeze exposed parts such as the 
fingers, tip of the nose, and external ear under any conditions of 
labor, outdoor sports, or acc^ental exposure where the indi^’idual 
is subjected to cold for a long time. Contact with extremely cold 
objects may be met with in ice-handlers, packers of dry ice (solid 

< Brooka, J.; Jour. Gen. Fhyaio) , IT, 783, 1934 

» Wells, H. G.: Chemical Pathi^gr, Philaddphja, W. B. Saunders Company, 
1925. 

* Aschoff, L.: Pathologische Aantoaiie, Jena, 1923. 
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carbon dioxide), and in tliosc foolish cnoiiRli to try tlie precarious 
experiments of touchinR the tongue to cold metal or placing dry 
ice in the nioutli. Deliberate local freezing is seen in the use of 
ethyl chloride spray for anesthetic puqwses and the therapeutic 
application of carbon dioxide snow. 

In tite majority of tliese cireumstaneex the influence of cold sur- 
passes the purely pliysical reaction of the tissues to lowered tem- 
perature. lieyond the physical effect the first result of cold is to 
profluce contraction of the blood-vessels. This results in ischemia 
and local tissue anoxemia. There is less blood in the capillaries 
ami therefore further reduction of the heat brought to the part. 
If the application of severe cold persists, tissue death occurs. 
Among tlie cells affected arc the intimal cells of the bloofl-vessels. 
Death of these leads to intracajullary thrombosis, xvhich still further 
adds to the local ischemia. These combmetl influences may then 
eventuate in more generalizetl necrosis and gangrene. Aschoff pro- 
duced experimental mummification in a rabbit’s ear by exposure to 
n temperature of 10® to 20“ C. for periods of five and ten minutes. 

When the length of exposure or ilegree of cold has not been suffi- 
cient enough to pro<liice irreversible necrosis, further pathologic 
processes may ensue after removal of the cold. As the tissues warm 
up, or thaw out, if they have been frozen, there is a reactionary 
dilatation of the capillaries with resultant hyperemia. But because 
of tlie great disturbance in the fluid and electrolyte balance and the 
increased capillary permeability there is further swelling with fluid 
necumuktion and increase of IcuVocytes. This gives the tj’pical 
picture of acute inflammation. Congestion causes the part to become 
livid and purplish. The disturbed nutrition and anoxemia are 
reflectal in the damaged tissue by chapping of the skin surface, 
peeling, and the formation of blisters. The clinical picture of this 
reaction stage is calleil pernio or chilblain. A port once so damaged 
shows a tendency to recur more readily on subsequent exposure. 

The observation that certain people react more severely to cold 
than others and that some show lesions of an angioneurotic nature 
has led to the belief that there is such a phenomenon as sensitization 
to cold. Tliere is at present no indication that this sensitization Is 
a true sensitization in the strict use of the terra. 

In these indhiduals the exposure of a local part of the body to 
cold, such as dipping the hands in cold water causes local swelling 
or urticarial wheals in the skin of the part or some other area of the 
body. These reactions do not appear until the source of the cold 
has been removed. There are moreover certain cases in wliicli gen- 
eral sjTnptoms occur following local exposure. 

Levine' classifies the reactions into three tjTies: 

1. Those showing only local symptoms as above. 

> LcTinc, H, D.: Arch. Int. Med , E6, 40S, 103S. 
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2. Those with local and general sj’stemic reactions with fall in 
blood-pressure, rise in pulse-rate, flushing of face and ears and a 
tendency to syncope. There may also be headache, rigor, dyspnea, 
cough, generalized aching pains, transient blindness and hemo- 
globinemia. 

3. Those showing systemic reaction without local lesions at the 
point of exposure. Such individuals may have asthmatic attacks, 
vasomotor rhinitis, photophobia, abdominal pains, and scattered 
areas of pruritis, urticaria, angioneurotic edema and eczema. Shock 
may supervene. 

Although a number of theories have been advanced to explain 
both local and general sensitization reactions they all tend to 
assume that there is some as yet unidentified chemical agent pro- 
duced from the tissue cells by the physico-chemical changes brought 
about by cold. 

Supporters of the immunologic theory base their belief on experi- 
mental evidence showing that antigens can be passively transferred 
from sensitive to non-sensitive subjects and the development in the 
latter of cutaneous wheals on the application of cold. They apply 
the same theory to the development of paroxysmal hemoglobinemia. 
The immunologic theory postulates the presence of hemolytic and 
dermol^iic amboceptors and the formation of hemolysin and der- 
molysin. These combine with the membranes of cells, alter their 
permeability, and release cell contents into the intercellular medium. 
Hemolysins acting in this way on erythrocytes can therefore pro- 
duce hemoglobinemia and dermoljsins permit the formation and 
accumulation of edema fluids. 

Vaughn and others explain the local reaction as due to local axone 
reflexes which result in the formation of wheals and dilatation of 
capillaries. The systemic reaction they believe to be due to a 
histamin-like substance, produced by cold in the local tissue, and 
carried throughout the body by the circulation. The latter explana- 
tion is supported by the fact that a tourniquet placed above the 
part before it is exposed to cold prevents the development of general 
symptoms in sensitive subjects. 

Duke observed that sensitivity to cold is lost in the presence of 
fever and therefore considers the sensitization reaction a disturbance 
of the general heat regulating mechanism. 

The formation of a vasodilator substance in the local tissues has 
a strong proponent in Horton.* He has demonstratetl that histamin 
or a histamin-like substance is liberated by cold from tissue cells. 
This he believes is due to breakdown of certain molecules of the 
skin, subcutaneous tissues or muscle cells. He, like Vaughan, has 
shown that a tourniquet will prevent general symptoms. Horton 
draws the general conclusion that the phenomenon is bound up with 
> Horton, B. T.: Proc. Stail Meeting Mayo Clm.. 9, 447, 1034. 
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the whole cjuchtion of "tissue Mibstanccs" and draws the comparison 
of the liberation of acctyldioliuc liy stimulation of the vagus, 
epinephrine by the sympathctics, and Cannon’s synipathin E and 
hjnipatliin I which escape from cells and exert effects in distant 
organs. 

Many investipationa have shown the effects of local chillinp on 
ilistant parts of the body. Winslow and Greenberp,* Ncdzel,® and 
Mudd, Grant and Goldman,* presume that this is brought about 
by vasomotor reflex. Nedzel, interesting himself largely in the 
kidney, showe<l reflex vasoconstriction and vasodilation in response 
to skin chilling. This was accompanle<l by increased permeability 
and penneation of the enflothcllal cells of the capillary blood-vessels. 
Winslow showed that a cold <!rftught on tlie feet caused a decrease 
in the temperature of the nasal mucous membrane and cold on the 
back of the neck increased it. Rludd ctaf., demonstrated reflex vaso- 
constriction and ischemia of the palatine tonsils, palate and pharynx 
with lowering of tlicir temperature following chilling of the body 
.surface. There is increasing evidence that such disturbances of 
circulation in Internal organs as shown by Nedzel in the kidney 
and ileprcssion of temperature in the naso-phar^TU may act as 
predisposing causes in bacterial diseases of these organs. It is 
assiimcxl that the changes favor growth, virulence, or invasibility 
of the organisms which maj be present in or gain access to these 
rcgioiW). 

Exposure of the l)od> generally to a cold environment calls upon 
the entire heat-regulating mechanism for ntljustment to It. Under 
tliesc circumstances Iwly heat must be conserveil. Although the 
surface of the body is actually chtlletl it is prevented from falling 
to marked degrees by exercise. Tlie surface capillaries contract so 
that there is a lessening of blood volume in the skin and an increase 
in the interior of the body, especially in the muscles. Benedict and 
Barmcnteri h.sve showm that exposure to cold in spite of muscular 
exercise results in a drop in tlic skin temperature of the extremities 
but maintains that of the body trunk. 

Under circumstances which permit prolonged exposure without 
exercise metabolism is depressed, the temperature of the body 
sinks, the skin becomes livid, the muscles stiffen and the pulse is 
small and weak. If the temperature of the body falls to 20° C. 
(0‘S° f’.j or C. (G4A° F.) death ensues. 

Heat. — The limit of tolerance of tissue cells to high temperatures 
appears to be that at which cell proteins begin to coagulate. ^ The 
local effects of heat therefore are not serious until this point is 
reached. TOieii coagulation has occurred tlierc is little probability 

‘ W'lnriow. C E. A., and Greenberg. L.. Am. Jour. Hyg., 16, 1, 1932. 

> Nedacl, J • Jour Urol . 31. 785. 1931 

• Mudd 8 , Grant. S B , and Goldman, 8. J • Jour. Eiper. Med.. 32, 87. 1920 

* Benedset, F G . and Paimenter, U. S : Am Jour. Physiol., 87, 633, 1929. 
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that the colloidal state of the proteins is reversible. The primary 
effect of the coagulation of proteins uitliin cells is disarrangement 
of the equilibrium between the soluble and gelled colloids. This 
influences metabolic processes generall 3 ’ and interferes with the 
functions of the different parts of the Q'toplasm, nucleus and other 
cellular structures. Osmotic pressures, cell membrane tension and 
electrol 3 "te exchange are altered with serious consequences. 

The coagulation-point of proteins is not much above that which 
can be well tolerated by the bare hands. It is neccssarj' therefore 
for such temperatures to be maintained for some time in order that 
the temperature of the cells may be raised to the same degree as 
the environment. 

In vitro experiments bj’ Ascholf on isolated cells showed that 
leukocj’te activit.v, as measured b\' phagocytosis, was maintained 
at -10° C. {104° F.), but was lost at 50° C. (122° F.) and that at the 
latter point they coagulated and disintegrated. At 50° C. (122° F.) 
er>lhroc\-tes contract and develop an irregular, thinned surface 
from which extend small pedunculated nodules which may eventu- 
ally be thro\Yn off into the medium. At C0° C. (140° F.) the er^'- 
throcj’tes become globular and begin to show hemolysis. Hemoij'sis 
may begin at lower temperatures if the cells are exposed for a long 
time. A^Tien the temperature roaches 70° C. (158° F.) the red cells 
no longer extrude nodules but become globular and coagulate. 

Werhovsky^ found that the tissues of living animals were affected 
bj' rising body temperatures in the following sequence— blood, liver, 
kidnej'S, mi'oeardium. Within the limits of life of the animals the 
other tissues showed little or no structural injury. 

Scalds from highly heated liquids, and burns from contact with 
superheated objects and flames, produce immediate death of cells 
bj’ instantaneous coagulation, rapid dehc'dration or actual carbon- 
ization. In all, the end-result is necrosis. 

It is customary to classify bums, according to the extent of injury 
into first-, second- and third-degree bums. The tissue destruction is 
gross, extends bej’ond the cells, and invoU'es all of the mechanisms 
of tissue nutrition, repair and regeneration. The reader is referred 
to standard surgical works for the clinical appearance and outcome 
of burns. 

Of particular interest from the point of view of causation in disease 
is the occurrence of ulcers in the upper intestinal tract following 
some burns of the skin surface. These ulwrs, described bj’ Curling 
and bearing his name, occur in the duodenum at some point above 
the opening of the bile duct. They are small, clean-cut and deep 
and maj' go on to perforation. 

The most generally accepted explanation of their pathogenesis 

> Aschoff, L.: Pstbologaebe Anatomie, Jena, 1923. 

• WerhoTsky: Zte^er’a Beitr., 18, 72, 1895. 
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rests OH vaspmotor spasm. This may oriRinate rcflexly, or through 
the action of histainin or a Iihtainin-Iike substance released at 
the site of the burn. The vasmnotor spasm occurs in the end arteri- 
oles of the duodenum and interferes with nutrition. Moynihan is 
of the opinion tlmt septic emboli from the burned area lodge in the 
arterioles of the duodenum and set up infected foci. Due to the 
tlehydration resulting from extensive bums the plasma viscosity is 
incrcasetl and tliis is believed by some to favor thrombosis in the 
duodenal and other vessels. 

Death from severe burns (which is said to follow when over one- 
thinl of the skin surface is involvwl) is not >ct satisfactorily e-x- 
plainwl. ’I'hut it may be due entirely to the mechanisms of shock 
is quite generally accepted, but there are some who believe it results 
from the absorption of toxic material from the burned skin. 

Tlie response of the human organism to hot environmental tem- 
peratures is accomplishotl thnmgh its heat regulating mcchanisin. 
Wiile the body is exiiosfsl to this external Jieot it continues to pro- 
duce its own internal heat, thus necessitating a call upon phj siologic 
processes to aid in heat dissipation and elimination. Under natural 
conditions the problem of response to heat is complicated by the 
Influence of humidity and air movement. Kxperimental s\ork under 
controlled conditions has'e given some x'nliiable information regard- 
ing the reaction of the Iwly to heat alone. 

I^c* has given an cxwllent summary of the nature of the adaptive 
reaction to heat, and hts work will be followed frcel.v in this dis- 
cussion. 

I>ee consiilers adaptive reaction In three stages; 

1. Immediate passive reactions (independent of life)— rise of skin 
temperature, increased evaporation of surface moisture. 

2. Primary active adaptations— cutaneous vasodilation, sweating, 
primary water shifts. 

3. Secondary active adaptations— riw of body temperature, alter- 
ations of endocrine balance, incrcasefl pulmonary ventilation, de- 
creased appetite. 

The first stage is aceoroplishc<l by the physical factors of radia- 
tion, conduction and convection, and applies to the human organism 
as it does to any phj sical IkkIv. In the second stage neuro-vascular 
response mechanisms appear to be the major factor concerned. 
These responses are body wide and arc undouiitedly under nerve 
control. Tlie primary effect appears to be on nerve endings in the 
skin. Benson* is of the opinion tliat these cutaneous “hot spots" 
are stimiikitcd iiy environmental heat and transmit their impulses 
to other organ centers by reflex action. TJie discovery of "heat 
regulating centers” in the medulla makes it probable that they act 

■ Lee. D H K . Trans. Roy. Soe Trap. Med. and Hye- 29, 7, 1933. 

' Denson, S Arch. Pbys Ther., 16 . 303. 1934 
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as intermediating controls between the skin receptors and the 
responding tissues and organs. At any rate, the end response is 
one of cutaneous vasodilation, increased gland activity (especially 
the sweat glands) , and increase of surface blood volume. ^Vith these 
changes there is increased heat loss through the body surface which 
is efficient enough unless the hot en\'ironment is excessive or other 
factors are present which interfere with the normal meclianisms. 
When the heat loss cannot so compensate for heat gain the tempera- 
ture of the body will rise. It is tlien that Lee's third stage of 
adaptive reaction comes into play by depressing the metabolic 
activity of the thyroid and suprarenal medulla. This depression, 
which Lee cautions has been ascribed without proof to nerve stimu- 
lation or direct effect of blood temperature, reduces metabolic 
activity of the whole body. This tends to compensate for rise of 
body temperature. 

Under normal conditions 75 per cent of the heat loss from the 
body is from the skin and 25 per cent through pulmonary ventila- 
tion. Although the latter is increased with rising body tempera- 
ture, the loss by vaporization of moisture from the lungs remains 
relatively insignificant. ^\nth the lowered basal metabolic-rate 
there is less need for high-caloric intake. By some une.\plained 
mechanism this is reflected in the psychic response for caloric demand 
by diminished appetite. 

Four important system functions are involved in the mechanism 
of heat control: (1) Water metabolism, (2) circulatory system, (3) 
electrolj'te balance, and (4) acid base equilibrium. * 

Water metabolism is disturbed by increased water loss through 
sweat gland activitj*. Unless this is resupplied, dehydration will 
result. Vasodilation increases the capacity of the circulatory system. 
If dehydration prevents the maintenance of the normal ratio of 
blood volume to system capacity, circulation %vill be impaired and 
the blood-pressure will fall. 

Chloride is concentrated in the body by the loss of large amounts 
of hypotonic sweat. If now’ the fluid loss is replaced by water the 
chloride in the body fluids will be diluted to a lower concentration. 
The body reserve of chloride is then called upon to raise the con- 
centration which may eventually result In exhaustion of body chlo- 
ride by continued sweating. Wien there is such exhaustion and 
water is taken in large quantities the concentration of chloride w ill 
be seriously lowered and produce a clinical picture of water intox- 
ication. 

All of the above clianges and the adaptations to them are on the 
phj'siologic level, that is, they are reversible under the normal 
mechanisms ordinarily concerned in the functions inv’olved. 

Lee describes subsequent changes, which surpass the physiologic 
limits, as the breakdown between the body and its env’ironment 
22 
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(temperature environment). He nscTil>cs tlir breakdow n to four 
critical events: (1) Hyperpyrexia, (2) circulatory insufTiciency, (3) 
electrolyte imbalance, (4) supcrKlehydmtion. 

Hyperpyrexia is reached, Lee says, when tlie mean temperature 
of the body is such that the continued life of some vital tissue is 
emlanRcred thereby. This point, as previously statetl, appears to 
be tile temperature at which proteins begin to coagulate (lOS® P.; 
42.2® C.). Neuniglobulin has a coagulation-point at this tempera- 
ture so that the nervous sy.stcm is one of tlie first to suffer. 

Predisposing causes of hyjicrpyrcxia will lie anything that inter- 
feres with heat loss or augments heat production. With a body 
temperature approaching 108® 1'., bright sunshine on the head and 
neck may raise the temperature locally above the critical point. 
Infection, alcoholism, hyperthyroiilism, certain drugs, and severe 
phjsieal work act.'acconling to I.ec, in this wa>. He cites heavy 
clothing, inhibition of sweating, and dehydration as interfering 
with heat loss. 

Circulatory insufficiency (Lee) is the failure to maintain the blood 
supply necessary for the continuance, witliout marked impairment, 
of the bodily activities going on at the time. This becomc.s manifest 
when the deplete<l fluid volume of the blood has embarrassed the 
circulatory mcclianism to the point where it cannot meet additional 
demands such ns Iiea' 7 ’ meals, alcoholism, heavy exercise, long- 
continued staniling, <lciodration and emotional disturbances. 

Klectrolite imbalance becomes serious when the serum chloride 
concentration falls to 305 mg. per 100 cc. or less. 

Lee defines super-dehydration as the loss of water from the body 
to such an e.xtent that continued existence is threatened, should 
replacement not be cffcctwl. The critical ]e\el probably lies at 
about 20 to 25 per cent of body woiglit. Such water loss impairs 
circulation and leads in turn to disordered metabolism, acidemia, 
disordered nervous function and diminished beat loss. 

The combination of these disordered functions results in coma 
and death. 

In concluding his discussion, Lee parallels the four modes of 
breakdown and their clinical tcmiinologj with the four chief physio- 
logic system crises which have been described. 


1 Hyperpyrexia 

2. Circulatory inaufficiency 

3. Electrolyte imbalance 

4. Super.debydratiOD 


Modtt of Breakdown Climaol Sunonyn. 
Hyperpyrexia True heat stroke 

Heat exfaauation Heat prostration 

Heat ctempa Miner’s cramp; 

Slokei’a ciamp 

Dehydration 
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THE DEFENSE AGAINST COLD AND HEAT. 

With the exception of heated environmental air, the prevention 
of local freezing, body chilling, local burns and scalds is synonymous 
with protection. Since local freezing occurs under natiu-al condi- 
tions it should be a simple matter to reduce the opportunities for 
it by protective coverings such as mitts, gloves and ear pads. 
Tight shoes, restricting garters, anti too heavy stockings compress 
the feet, diminish the circulation and impede the return of venous 
blood. They should be avoided when exposure to cold for long 
periods is anticipated. This is especially true in the presence of 
pre-existing circulatory disturbances in the extremities and for 
those who have a h^ persensitivity to cold or have previously sufl’ered 
from chilblains. 

Workers in ice plants and refrigeration rooms require similar 
protection. 

Chilling of the body should be pre\ented by adequate heat- 
retaining clothing. Wool and silk are better than cottons. For 
those Viho can adapt themselves well to low temperatures there can 
be little barm in wearing clothing as light ns may be compatible 
with comfort. Li\idUy of the skin of any part should be a warning 
that chilling has occurred. 

Cold draughts in general should be avoided because of the reflex 
disturbances in other parts. There is much to indicate that local- 
ized cooling from this cause has some bearing on liability to infec- 
tions, particularlj those of the respiratory sjstem. 

Children should be warned of the danger in the stunt of touching 
their tongues to cold metals such as railroad tracks, auto-rims, etc., 
and the sucking of dry ice. The avoidance of danger from lieated 
articles, boiling liquids, and fire resolves itself into the same factors 
as the prevention of accidents in general. Specifically, it is knowl- 
edge and anticipation of known hazards. It involves also the use 
of safety devices and safety measures wherever heat is employed as 
in the use of flat-irons, heaters and burners, electric arcs, open flame 
illuminators, matches and lifters. ^Mienever it becomes nec^ 
sary to come into contact with high heat, as in many industries 
and occupations, it is necessary to resort to protective clothing of 
thick material or asbestos or the use of insulated handies, tongs 
and other instruments by which objects can be handled indirectly. 

Successful adaptation to residence in hot environments can be 
enhanced by intelligent consideration of the physiologic adjustments 

( 339 )' 
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necessary for normal heat control. Hiis implies the use of light 
clothing, adequate protection of the lieat! against the direct rays of 
the sun, covering of the alalomcn to prevent local cliilliiig, avoidance 
of sitting inactive In damp clothing, wholesome nourishing food 
without excessive caloric intake, moderation in alcoholic drinks, the 
use of cool or warmed drinks in amounts equivalent at least to 
fluM loss, and care of the Imwels and other eliminative organs. To 
all of these can he added ,*ittcmpLs to improve the environment by 
proper .attentio!! to ventilation in biiildinj^ and the use of artificial 
methods of cooling and creating air movement. In the use of the 
latter, care should be taken to avoid too direct chilling by cold 
draughts. 

When workmen arc requirc<l to work in \erj hot, dry atmospheres 
it is necessary to keep up their fluid loss by tbc ingestion of water 
at frequent intcrv als. In order to prevent liypotonicity they should 
take sodium or potassium chloride at the same time. They should 
not work without clothing unless the atmosphere is damp. Light 
loose clothing retains suflieient moisture to aid evaporation, which 
in turn has n c-ooling eflctt. Under no circumstances should they 
be allowed to consume copious draughts of w.atcr on coming out 
of the heat. The sudden Intake of large volumes of liquids still 
further embarrasses the adjusting mechanisms. Tlie kidney activity 
has hccu reduced under the heat and Is not able immediately to 
take on such increased <lcnmn<l. I'allure to comjily with this pre- 
caution may bring on symptoms of water intoxication. 



CHAPTER XXXri. 


THE EFFECT OF WATER-VAPOR IN AIR (IIIBIIDITY). 

HuiiiDiTY is the amount of water-vapor in air. Although the 
common conception of humidity is moisture or dampness of the 
atmosphere, this is erroneous, because water-vapor is a gas. Mois- 
ture appears when the gas condenses. Haze, mist and fog are optical 
effects of minute droplets in suspension in the air. Rain, hail, snow 
and dew are visible condensations of water-vapor. 

Humidity can be measured in absolute terms of the amount of 
water-vapor in a unit volume of air. English hygrometric tables 
give this in grains of water-vapor per cubic foot of air. This measure 
is the ahsobitc humidity of air. 

Because the amount of water-vapor in air varies with the tem- 
perature and pressure of the latter, humidity can be expressed in 
terms of this relationship. Air at a given temperature and pressure 
can contain only a certain amount of water-vapor before the latter 
begins to condense. The point at which condensation occurs is 
called the saturation-point. If the air at this temperature and 
pressure is considered as containing KKl per cent of its possible 
content of water-vapor, then anything less than this amount of 
water-vapor in the same air at the same temperature and pressure 
can be expressed as a percentage of its possible saturation. This 
percentage is the rehtire humidily. Tins measure always refers, 
therefore, to a given air temperature and air pressure. It is simply 
the percentage e.xpression of the amount of water-vapor present 
to what could be present if the air were saturated. A relative 
humidity of 85 means that the air at the given temperature and 
pressure is 85 per cent saturated. It can still take up 15 per cent 
more moisture by evaporation from some source. This smaller 
percentage represents then the evaporating power of the air. If 
the relative humidity is 98, then it can still take up only 2 per cent 
more moisture and will 'be relatively 'ineHective as an evaporating 
medium. 

If now the vapor content is kept constant and the temperature 
is gradually lowered, the per cent saturation becomes greater and 
greater until it again reaches the point of complete saturation. At 
a fraction of a degree below this point condensation takes place. 
The temperature at w’hich this occurs for a given humidity is called 
the dew-point. 

Evaporation of moisture produces cooling. Since the amount of 
evaporation possible by a given sample of air depends on the amount 
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of moisture it can still take up it is possible to allow it to evaporate 
as mucli as it can ami measure the amount of cooling which this 
produewi. This is llic principle of the psychrometcr. Tins appa- 
ratus consists of two thermometers iicld side by side in a frame 
which can be tw’irlecl around rapidly in the air. One thermometer 
measures the coixstant temperature of the atmospliere. On the 
bulb of the other theromometer is slipped a njuslin jacket which ims 
been soaked in pure water, 'llie two thennometers arc termed, 
respectively, the dry and wet bulb thermometers. 

When the apparatus is swung around in the air the air tnke.s up 
all of the moisture it can from the muslin jacket of the wet bulb. 
This evaporation extracts heat and cools the wet-bulb thermometer 
while the dry bulb remains at die temperature of the air. In prac- 
tice tlie psychrometer is twirM for twenty to thirty seconds, then 
tlie temperatures are rapwlly read and the apparatus is twirled again 
and reread at intervals until two subsequent readings reveal no 
further depression of the wet-bulb thermometer. The difference 
between the dry and wet bulb readings will measure tlie cooling 
effect at this temperature brought about by the evaporation of as 
much more moisture as the air Is capable of Iiolding. This differ- 
ence can he converted into relalin htmidUy by calculation, or, more 
readily, by reference to tables prepared for tlie purpose. Tn refined 
determinations the psychrometer must be protected during twirling 
from solar and body radiations, and the readings mu.st he eorrecterl 
for atmospheric pressure. 

Approximate readings of the dew-point can he obtained from the 
dry- and wet-bulb temperatures. Hie dew-point is as many degrees 
below the wet bulb reading as the wet bulb is below the dry 
bulb. If dry bulb rearls 90 nn<l wet bulb 85, the dew'-point is 80. 
That is, if the air temperature falls to 80 coiulensation will take 
place. 

It must be understooxl that the amount of water-vapor in ah is 
not an inherent physical property of air. Air may be completely 
"drj’,” that is, it may have an absolute huinidit)' of zero. On the 
other hand, water-\ apor may fill a space entirely dex’oid of air. 

The amount of water-vapor in air b an end-result of the operation 
of other factors which initiate the e^’aporation of water from some 
source, facilitate its transportation to and from a given locaht>, 
and determine the capacity ol the air to “hold” water-vapor. These 
factors will be tliose which influence teraperatiwe, wind, sunshine, 
available water, vegetation, etc., and to some extent altitude and 
barometric pressure. 

Humidity may be raisetl or lowered by artificial means. The 
atmosphere in rooms may have its water-vapor content increased 
by passing the influ.x over a moist surface or through actual w’ater 
sprays or by changing the temperature to raise the saturation-point. 
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The temperature of the walls is of great importance, for they act 
as condensation surfaces on. which moisture is deposited. If the 
temperature of the walls is raised, they give up this moisture again 
to the atmosphere, and so act in part as an automatic humidity 
control. Rosenau notes that the \ralls may contain as much mois- 
ture as all the air in the room. 

The science of ventilation, now lai^ely turning toward the prac- 
tice of “air-conditioning” has reached the point where air of any 
temperature and humidity may be obtained artificially. Its prin- 
ciples depend on the control of those factors known to affect satura- 
tion and include, therefore, artificial heating or cooling, addition or 
removal of moisture, and controlled air movement and circulation. 

The physiologic effect of water-vapor in the atmosphere becomes 
of importance to the individual under his ordinary conditions of 
life and when subjected to extraordinary degrees of saturation under 
artificial working and living conditions. It influences him in his 
home, in the factory, the workshop, the office, the theatre, and out- 
of-doors in climates mth extremes of humidity, as in the moist 
tropics and arid deserts. 

Seldom, except under experimental conditions, can the humidity 
factor be separated from the factors of temperature and air move- 
ment. The functional relationship of these three is so intimate 
that they ^rill be dealt with collectively later under the effects of 
climate and weather (page 349). 

As to humidity, per se, the point of greatest physiologic signifi- 
cance is not the amount of water-vapor in the air but the amount 
of water-vapor which the air can contain under given conditions. 
For this reason relative humidity is of ^eater practical importance 
than absolute humidity; it expresses the potential amount of water- 
vapor which can still be taken up. Phjsiologically, this is bound 
up with evaporation of moisture from body surfaces (lungs and 
skin) and the mechanism of heat control. 

Fundamentally, still air at a constant temperature will permit 
evaporation of perspiraton and expired water-vapor proportionately 
to the percentage saturation of the atmosphere. Since evaporation 
has a cooling effect on the surface of the body from which the heat 
is extracted the amount and rate of e%’aporation from the skin will 
determine the cooling effect on the skin. If the per cent saturation 
of the atmosphere is low, evaporation and, therefore, cooling will 
be more effective than in an atmosphere of high relative humidity. 
The heat loss in still-air is accomplished by radiation and conduction 
(convection implies air currents). The e.xtent to which these are 
effective determines to a great degree the demand put upon the 
heat mechanism of the body. 

In the human the rate of evaporation and the efficacy of radiation 
and conduction are markedly affected by clothing. 
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Clothing acts as a licat-jibsorbiiigand eliminating hodj' and also 
takes up moisture. Sint'C the body is active in tlie production of 
heat and cUrainatioii of moisture, clothing acts by ei\hancmg or 
preventing tlie absorption of heat and moisture from tlic laj-cr of 
air between it and tlie boily. Its efficiency in controlling the 
physical state of this air jacket about the body will depend on the 
activity of tlie body, the temperature and humidity of the outside 
atmosphere, and the physical qualities of the clothing itself. AYlicti 
tlie relative humidity of the air is low and the temperature is low, 
licat-retuining clothing is neccssarj*. low temperature and 

liigh liumidity most comfort is obtained by clothing whicli absorbs 
moisture but retains beat. At high temperature with low humidity 
clothing which is light and a pfior absorber of heat is most desirable, 
while if both temperature and humidity arc high the clothing should 
Iw inoi'jtvire-absorbing in atidition. 

Tlie effect of baring part of the IkmIv in hot liuniid neatber is to 
facilitate direct evaporation and cooling of the exposed part, and 
reflex cooling of covered part.s by reduction of their blood supply 
and lowering the activity of the sweat glands. 


CHAPTER XXXIII. 

THE MECHANISM AND EFFECT OF AIR MOATIMENT. 

Air in motion over the surface of the body occurs as a result of : 
(1) winds produced by the meteorologic factors of the environment 
(climate and weather) ; (2) local air currents (draughts) set up by 
differences in temperature and air pressure in the immediate atmos- 
phere (windows, I’entilators, heating units, etc.); (3) forced air 
currents produced by artificial blowers and suction apparatus (fans, 
etc.) ; (4) relative motion of air created by movement of the body 
through it (speed through the air). 

Irrespective of the origin of the moving air, it is in effect, the 
mechanical replacement of air molecules in contact with and sur- 
rounding the body by new molecules- Since the human body is 
constantly producing and eliminating heat, temperature gradients 
develop between it and the molecules of air surrounding it. As the 
air takes up heat and absorbs mobture from the body it becomes 
warm and moist, approaches the temperature of the body surface 
and deselops a high relatiie humidity. If the air is still it soon 
acts as a jacket which prevents further loss of heat and evaporation 
of moisture from the bod\ . \\'hen the air b in motion new molecules 
of air replace the old and establish new temperature gradients. 
It b the repeated satisfaction of the new gradients in the disturbed 
equilibria between the body and moving air which removes heat by 
convection and produces cooling by evaporation. 

Moving air crossing the surface of the body therefore favors heat 
loss and evaporation of moisture. As a result, it involves the heat 
controlling mechanisms of the body generally or influences local 
body heat. 

The important influence of climatic winds depends on the physical 
state of the moving air. The trade winds, siroccos, mistrals, foehn, 
monsoons, chinook, khamsin and leveche, are more or less seasonal 
mass air movements over different parts of the globe and are either 
hot, cold, moist or dry. Because of these physical properties which 
are sometimes extreme, the areas affected are subject to the periodic 
influx of prevailing winds 'whidi favor evaporation and temperature 
loss of bodies subjected to them or surround the bodies with air 
which is already’ hot and humkf. 

Their effects are general and will be dealt with more particularly 
in the discussion of the climate complex (page 349). 

Local draughts caused by open windows, fans, etc., are repeatedly 
referred to as the cause of stiff neck, lumbago, neuralgia, myositis, 
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fibrositis and many other afflictions grouped under the meaningless 
term, rheumatism. The exact part winch cooling draughts play in 
the causation of these conditions has not been determined, but it 
is assumed that they act as trigger mechanisms. By this is meant 
the presence of some underlying metabolic, nutritional, or infected 
state involving the fibrous septa and sheathes of muscles, nerves, 
tendons, joints, and vascular connective tissues, which is aggravated 
by the local effects of cold, or cooling, moving air. Although the 
etiology of these “rheumatic” manifestations is not known, it appears 
that local tissue chilling can alter the colloid and chemical equilibria 
by acting directly’ at the point of chilling, or refle.xJ3’ on remote parts. 
Grave doubts exist that cold draughts can cause any such changes 
in tissues other than those already the seat of metabolic or inflam- 
matory patliology. 

In a general discussion on fibrosis held at a meeting of the Royal 
Society of Jledicine (London) in 1925, it was suggested that rheu- 
matic symptoms of the type under consideration were probably due 
to tissue sensitization from low-grade foci of infection and that the 
manifestations commonly appeared following exposure to cold. 
Recent text-books of medicine carrj- on the belief in this assuiiy)tion. 

Strong winds with a velocity of over 25 miles per hour “cut off 
the breath” when they blow directly in the face of the subject. 
Physiologically this means that the moving column of air enters 
the respiratory passage with a pressure in opposition to the normal 
expiratory pressure. (A 5()-mile wind raises the atmospheric 
pressure 0,1 inch; a 109-mUe wind 0.4 inch.) As a result, accessory 
muscles of expiration must be brought Into play. Under wind 
forces of much greater velocities as experienced in hurricanes, 
typhoons, and rapid modes of travel the embarrassment to respira- 
tion may be so severe as to cause marked carbon dioxide loss or 
ev’en acapnia. BauerS in criticizing the conclusions of GeigeP that 
airplane pilots would be just able to maintain respiratorj' balance 
against exposure to a wind speed of 80 meters per second (173 
m. p. h.) questions the assumption that a powerful wind could 
entirely prevent respiration. He bases his doubt on the fact that 
the wind force would help collapse the chest and that the chest 
uould be subject to the same pressure internally and externally. 

Aggazzotti and Gabotti* found that strong winds caused both 
slowing up and acceleration of the pulse with unevenness in rhythm, 
modification of the pulse wave, and reinforcement of the cardiac 
pulsation. These investigators believe such changes are all reflex 
in nature. 

I Bauer, L. IZ.: AviaCioa Afedicine. Baltimore, Witljams TVilkms Company, 
1920. 

> Getgel: MQnch med. Wchnachr., 34, 1253, 1917. 

* Aggazzotti, A., and Gabotti* Gior. dimed Mil., 67, 107, 1919. 
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At speeds o\ er 100 miles per hour, airplane pilots and automobile 
racers must protect themselves from the jiigh air force wJiicli their 
travel creates. If tliey <lo not use helmets or goggles the soft parts 
of the face are balloone<l out to u painful degree. Tlie eyelids are 
blomi wide open and overstretched and the cheeks inflated with the 
lips widely parted so that it w impossible to close them. The 
backward pull on the hair creates a tingling of the scalp which, if 
long ccmtinvicd, results In. numbness. 

Ikiuer states that at 250 miles per hour, if a pilot should hold 
]iis arm out it w'oultl be broken and, should he stand up with his 
head above the cockpit, J»e would be knocked over and his neck 
probably broken. 

In the presence of antcce<lcnt disease of the cardiovascular system 
exposure to hca\’’i’ winrls, especially cold winds, and the necessity 
to stand up or try to move against them, is liableto precipitate acute 
cardiac decompensation, vascular hemorrhage or even sudden death, 
It is one of the common tcnninal events of patients with angina 
pectoris in northern climates. 



CHAPTPnt XXXIV. 


THE INFLUENCE OF CLIMATE AND WEATHER. 

Clijiate and weatJier are manifestations of the total state of the 
meteorologic and atmospheric conditions of a given area, the first 
representing the average quantitative measurements of the nieteor- 
ologic factors over a long period of time (generally jears, decades, 
or centuries) and the second during short periods of days, weeks 
or months. If the climate is represented graphically as a long, more 
or Jess undulating cur\e, weather would be the closely spaced inter- 
mediate points above and belotv the curve and from which the curve 
was plotted. In common terms climate implies a fairly uniform 
picture of the ^'ear by year distribution of seasonal heat and cold 
and average humiditj, sunshine, rainfall, and windiness; weather 
connotes periodic storms, uinds, clear and cloudy days, hot, cold 
and humid dajs and changes in barometric pressure. 

The individual is more immediately and consciously concerned 
with weather than with climate because it limits and directs his 
daily activities to a greater e.xtent. Climate, on the other hand, 
is of greatest importance to the race for the length of the climate 
airve permits physical, social and cultural adaptations in the race, 
which are not possible in the span of a single life. 

Both climate and w eather are complexes of the same meteorologic 
factors; temperature, sunshine, humidity, precipitation, ionization 
of the atmosphere, atr movement and barometric pressure. Non- 
climatic elements which determine climate and weather are latitude, 
altitude, land and water masses, vegetation, mass air motion, moun- 
tains, volcanic action, sun altitude and zenith distance, the sun's 
distance from the earth, sun spots and possibly other unknown 
factors, such as those which determine the ad%'ance and recession 
of the polar ice caps. It is becoming more certain that man’s own 
efforts can change the meteorologic contlitioiis of limited areas by 
draining land or flooding it and by denuding it of protective 
vegetation. 

Although much that is written on the influence of climate on 
civilization cannot be accepted there is nevertheless a close corre- 
lation which is suggestive of some influence of climate on human 
activity. It seems vciy probable that in general the temperate 
climates are more conducive to heightened physical effort than the 
heat of the tropics and that there are actual enervating effects from 
certain combinations of heat and moisture. On the other hand, 
human ingenuity and intellectual capacity do not seem to have 
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siifTcml in the past from prolonged living nnder \\liat seem to he 
most undesirable climatic conditions. It may bo gnvntetl, htwever, 
that climate may put obstacles in the tvay of jirogress ami in some 
instances may have actually aided progress and civilization. 

Tlie part played hy climate in conditioning human hcliavior i.s 
highly pertinent to man’s M>eial and cultural development. The 
present concern, however, is with the iiifliience of the combincfl 
meteorologic factors of man s cn\lronmcnt on his physiologic mech- 
anisms. With the exception of ionization of the atmosphere, each 
of the factors has been dealt with iifilividually in the preceding 
pages of this scctuin. N<» one mctcs»rologic factor ojicratcs entirely 
independently of the others on the human economy. Three of them 
arc so interwoven in their effects as to «>nstitute the most important 
environmental triad to whk-li the IkhIv is exposesL They are, tem- 
perature, humidity and air movement. The reason they are collec- 
tively so important is because they each primarily affect the heat 
rcgulatorj mechanism, and this is the most important ineehanism 
hy winch the body adapts Itself to changing intensities in its atmos- 
pheric environment. 

Hcasoning from analogs U has l>ccn assumed that the human, 
like other organisms, has a biologic optimum in its range of e.xternal 
temperature an<l humidity. Huntington* has nltemptetl to approach 
the problem for man by measuring phj’sical and mental output 
xinclcr ililTerent combinations of temperature anti humidity. In 
1032 the .\rneriean Society of Ventilating Kngineers* studied the 
question by measuring metabolic activity, pulse-rate, rectal temper- 
ature, change in body weight, bloo<l-pressure, and work output 
under variable temperatures and humidity. 

Huntington’s optimum conditions arc a temperature ranging from 
05“ to 70“ r. with a relative humidity of about 00 per cent. The 
"efTective temperature" range arrived at by the Society of \’enti- 
latitig Engineers is 0.3“ to 71“ F. in wintertime and GC“ to 75“ E. 
in Rumraertime with a relative liumidity of 30 to 73 jwr cent. The 
air velocity at these effective tcinpcraturcs varies from 15 to 25 feet 
per minute. 

Within these limits the same degree of comfort is obtained by 
lowering the re)ati^■e humidity as the temperature is raised or 
Tice tersa. A c’narl preparecl ’oy t’licSocielj' of VentViating En^icvrs 
shows the combinations at wet and dry bulb temperatures, and 
relative humidities at which most people feel at comfort. ITie areas 
blocked out by the limits of these coonlinates are called the comfort 
zones. Bejond these limits discomfort is felt whether the tempera- 
ture and relative humidity are both abo%e the upper or below' the 

' HunWnglon, Ellsworth CsvriwtioB anti Qirftate, New Haven, Yale Uulversify 

Press. 1915 

’Trans /Vm Soc VcnliUime Eae. p. 3S. 1933. 
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lower limits or whether they are widely separated with one above 
and the other below the eomfort zone. 



CouroRT oa Effective Te»ipbiiatviiie Chart for Air Velocities of 15 to 
25 FP.M. (Snu, Air). 

Botli summer and winter comfort sones apply to inhabitants of the United States 
only. Application of winter sone is further limited to rooms heated by central sta- 
tion systems of the convection type. The sone docs not apply to rooms heated by 
radiant methods. Apphcation cd mmmei comfort sone is limited to homes, offices 
and the like, where the occupants become fully adapted to the artificial sir condi- 
tions. The *one does not apply to theaters, department stores, and the like, where 
the exposure is less thhn three hours. (Copyright American Society of Heating and 
Ventilating Engineers, from A. 8. H. V. E. Trans., vol. 38, 1932 ) 

The width of the comfort zone is direct evidence of the effective- 
ness of the heat regulating mechanism insofar as subjective sen- 
sations of comfort are concerned, but gives no indication of the 
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biologic adaptability of the organUm at tl»e eittrcraes of high and low 
temperatures at varying percentages of humidity. Tiie implication 
is that the comfort zone represents the region of optimum physiologic 
activity and output in work and mental effort, and conversely that 
under conditions beyond the effective temperature limits, physio- 
logic activities arc carried on under ndde<! strain. 

Of no less importance, physiologically, than the eirectivc temper- 
ature range, is tlie variability of the climatic factors. Although the 
limits of ti«e comfort zone may represent the optimum temperature 
atid water vajior ciivironinent it is probahle that a monotonous 
restriction of these factors within such narrow limits is not best for 
the active \YOTking organism. 

The importance of changes in the intensity of the indi\i(ltial 
metcorologic factors lias been shown in the earlier part of this 
section. In each instance it was seen that the greatest physiologic 
effect was producwl by fluctuations above and below the average 
intensity and that in most Instances the extremes approaclied or 
surpassed ph.Nsiologic tolerance. Tcmpemtiire, Jiimiidity and wind 
had their greatest effects on the heat regulating meclmnism; baro- 
metric pressure influenced respiratory exchange and cartliac output; 
extreme cold and fieat affectcti periplicral circulation; sunlight 
cxcrterl its greatest influence on skin metabolism and secondary 
genernl metabolic processes. 

In a changing, variable climatic environment nil of these factors 
are concerned and almost every mccliantsm of the btxly is disturbe<l 
by their shifting intensities. If the changes are not extreme in 
force or duration and do not surpass tolerance to them, they are in 
all probability very valuable phj'slologic stimuli to improved circu- 
lation, aer.'ition, digestion, nutrition and oxidation of the tissues, 
eliminative activity, general metabolic efliciency and therefore a 
better outpvit of phj sical awl mental work. No claim is made that 
tlie truth of this statement is confirnicd in detail but many studies 
confirm the probability of the generalization. 

Huntington, Mills,* Peterson* and others have transposed the 
experimental studies on the climatic factors to actual climatic con- 
ditions throughout the world, past and present, and correlated 
different climate complexes with such things as tlie progress of 
civilization, levels of culture, wrork output and mental efficiency, 
the subjective sense of well-being, onset of menstruation and dura- 
tion of fertility, the incidence of special diseases and diseased states, 
and other even less measurable aspects of liuman behavior. A satis- 
factory review of their findings is beyond the scope of tliis presen- 
tation and the reader is referred to the original source.s. A few of 
the' correlations are so significant as to necessitate brief mention. 

* Mdls, C. A . Living With the Weather, Cincinnati, Caiton Press. 1934. 

• Peterson. W. F.: The Patient and tho W'cathcr. Ann Arbor, Edwards Bros . 
voU. 1 to 2. 1034. 
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Mills, ^\itb painstaking care, has worked out a coefHcieJit of vari- 
ability of climate which he has applied to a map of the United 
States in the same way in which isothermal lines are drawn on 
ordinary weather maps. By this means he has brought out in relief 
the areas of greatest diurnal and seasonal ma.Kima and minima, 
that is, the areas of greatest climatic turbulence, and the opposite 
state of areas with relatively monotonous climates. On these areas 
he has superimposed disease incidence and death rates of a number 
of infectious and non-infectious diseases. Corrected rates for age, 
se.T and racial groups ha\e re^-ealed high figures for arteriosclerosis, 
hypertension, pernicious anemia, diabetes, nephritis and suicide in 
the areas of greatest storminess in the Middle and Western Great 
Lakes Basin. The rates for these conditions in these areas are out 
of proportion to the general death rates of similar population groups 
in areas of less storminess. The inference is that the extreme vari- 
ability of the climate e.\cecds the needs of the organism and drives 
some one or more of the physiologic mechanisms bejond their 
power of adaptation. This is readily conceivable and worthy of 
continued study. Exception must be made, however to Mills’ use 
of the term “ Exhaustive Diseases” as applied to those listed above. 
It is neither generall\ beliexed nor proven that the ordinary con- 
ception of exhaustion can be applied to the mechanisms underlying 
the etiologj’ of pernicious anemia or diabetes. The others on the 
list come nearer to the idea. Nevertheless, the high correlation 
with factors which are so able to disturb physiologic activity make 
it appear reasonable to suppose that excesses of climate can and do 
play a part in the causation of man> disease. 

It may be granted that climate makes a profound difference in 
the intensity and manifestations of many diseases and may possibly 
itself initiate certain disease stales. This is evidenced in the dis- 
tribution and clinical types of such diseases as epidemic poliomy- 
elitis, scarlet fever, pneumonia, smallpox, rheumatic fever and 
tuberculosis. But in these, climatic factors are not necessarily of 
primary importance. 

It is assumed that climate has an important bearing on the inci- 
dence and severity of “degenerative” and nervous diseases. Al- 
though psychic and social factors cannot be ruled out in the marked 
improvement of psychoneurotics who have been removed to new 
environments, there is a strong feeling among physicians that the 
change of climate is of importance. It is this feeling which is so 
strongly urge<l by Peterson in his discussion of the reactive types to 
meteorologic factors. He calls the human a “Cosmic resonator.” 
By this he means that the receptor mechanisms of the body respond 
to the rhythm which is evidenced by intervals of alternating vaso- 
constriction and vaso-dilation. These x^ascular changes produce 
phases of anoxemia and widespread alterations of metabofism in all 
23 
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bofly functions. Peterson would rnlse climatic environment to 
the position of the great determiner of health and activity, and a 
potent factor in disease. He does not deny the importance of food, 
infection and other environmental factors. 

Whatever may be said in explanation of tlie effects of climate 
and Aveather as a cause of disease there can he little deniaf of the 
fact that the health of nil organisms is nffectesl by it. The e.xperi- 
cnce of tlic race confirms the debilitating effect of torrid climates 
and the exlnlarntion of cool, dry air. Nh)r can it be lienied that 
depression comes with a falling barometer, the onset of storms, the 
long hot summer, or the periodic enervation of the seasonal hot 
winds. 

Gloomy days are depressing, bright crisp clays arc stimulating; 
a mild nintcr brings joy and efficiency and a frigid stormy winter 
is exiinusting. Altlmngh much of this may be psychic, anything 
which is able to affect psychic reactions bo profovindly is surely as 
much of human concern as any of the physical factors which can 
be analyzed and measured. 

Human discomfort brought about through unfavorable climate 
and Vicatlier has caused man through the ages to resort to artificial 
means of relief. Only recently has the science of ventilation reached 
any degree of efficiency in preventing uncomfortable indoor temper- 
atures. Air conditioning is artificial ncntlicr. It is not yet entirely 
succe-ssful because it is not in general use, and exposure of the body 
to the effective temperature Is not long enough at any one time to 
permit adaptation to it. Nor has the problem of air motion been 
entirely solved. In spite of its pre.scnt inefficiencies, air condition- 
ing is to be championed as a successful approach to a liitherto poorly 
handled human problem. With it release from many of the unde- 
sirable effects of unfavorable climate and weather may eventually 
be obtained, and conceivably, knowledge may be advanced toward 
the preA-ention of diseases in AAhich meteorologic factors play an 
important part. 



CHAPTER XXXV. 


THE EFFECTS OP RADIANT ENERGY, 

The Nature and Source of Radiant Energy.—When an electron 
shifts its position in relation to the nucleus of an atom or becomes lost 
to or taken up by an atom, the shift results in a change in the energies 
of the atom. Since these shifts are knorni to be intermittent and dis- 
continuous, it follows that the energj’ changes must be intermittent. 

The quantum theory of radiation states that these intermittent 
transformations of energy result in the liberation and emission of 
bundles or quanta of energy which can be propagated through space 
with the speed of light. The frequency with which they are dis- 
charged from the atom determines the interval between them and 
their wave-length, and their size becomes a function of their energy. 
The bundles, or quanta, are called photons and possess the charac- 
teristics in common with light of obeying the laws of reflection, 
refraction, polarization and interference, and traveling at a speed 
of 2.098 by 10'® cm. per second (186,000 miles per second). 

"When rays of visible light pass through suitable media, those of 
different wave-lengths become arranged in an orderly series of color 
bands, each band representing light waves of specific wave-lengths. 
By refined physical experiments it was found that there were other 
non-luminous rays extending from both ends of the light spectrum, 
some with wave-lengths longer than those of \nsible light and others 
shorter. 'NYhen it was realized that all of these waves or rajs were 
similar in character and different only in frequency and energy, it 
became possible to arrange them in a regular series of frequencies 
now termed the Electromagnetic Spectrum. (All of these waves are 
spoken of collectively as electromagnetic waves, and their energies 
as radiant energy.) 

The intervals betw’een the emission of quanta energies, t. c., their 
wave-lengths, are measured in terms of microns and meters. 

Roughly, the regions of the electromagnetic spectrum as repre- 
sented hy their common names, correspond to their respective wave- 
lengths as follows: 

Radio communicating waves 20,000 m. (20 km.) to 10 m. 

Broadcasting waves 500 m. to 200 m. 

Short radio waves 200 m. to 10 m. 

Hertzian waves 10 m. to 0.02 cm. 

Infra-red rays (heat rays) 5000m/* to 800 m^ 

Visible light rays 770 m/* to 400 

Ultra-violet light rays 700 nu* to 50 m/x 

A'-raj’s 50 nu* to 0.01 m/* 

Gamma rays 0.01 m^ and less ? 

Cosmic raj’s 


Solar radiation, 
SOOOm/tto 300 

m/i 
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Under natural conditions (u&mg the term natural as oppoic<l to 
that artificially produced by man) the greater amount of radiant 
energy comes from solar radiation, vhich is said to extend from 
wave-lengths of 3(MX) m/i in the infra-red, through the entire visible 
spectrum to approximately 300 ni/i in the ultra-violet region. Infra- 
red rays arise from the rafllant energies libcraterl from heated bodies. 
Natural ultra-violet rays originate from the sun, solid bodies heated 
to incand«cence, incandescent gases, and electronic disturbances 
in electric sparks and arcs. Long wave-lengths of Hertzian and 
radio frequencies may appear under natural conditions when static 
electricity undergoes motion in electrostatic discharges. A'-ray fre- 
<iuei\cic‘s way originate somewhere in the atmosphere or earth from 
the homhardment of molecules by fust-moving electrons, and gamma 
rajs result from the natural disintegration of radio-active elements. 
Cosmic rnj'.s come, so far as known, only from interstellar space. 

All nave-Icngths of radiant energy can be transformed into other 
forms of energy and can affect material bodies. But because nothing 
is yet known of the effect on the human body of some of the frac- 
tions of radiant energy, discussion will Im; limited to infra-red, visible 
light, ultra-violet, x-ray and gamma ray frequencies. 

Inlra-red.— The infra-red is an e.xprcssion of brat radiation from 
a body. It is a transformation of heat In the form of radiant energy 
ns contrastcfl to the transportation of heat itself by molecular con- 
duction and txmvcction. Wlien infra-red energies are absorbed by 
a IkkIj they are reconverted into heat. 

E\ery body possessing temperature emits radiant heat energy, 
but unless the temperature is over 100® C. tlic energy is of such low 
intensity as to be detectable only by a special kind of apparatus. 
It is only as the wave-lengtbs approximate those of tlie reil rays in 
tlie visible spectrum that the human IkxIj' can feel their effects. 

The short infra-re<l rays are most abundant in solar radiation, 
blit tlu’j can be produced in intensh'e amounts bj' manj- %'arietie3 
of infra-red generators w hich operate by raising tlie temperature of 
metals to a red glow, or near rcxl-licat. This low* heat of Itt) to 
400'’ (*. is obtained bj' passing electric mirrents at variable degrees 
of resi-'tanc'e through carbon ans or heated coils, plates and bars. 
They prod uce radiations w ith wave-lengths of from SOO m/^ to 5000 m/x. 

According to Laurens,* the infra-^ rajs make up 52 to 00 per 
cent of the total radiation intensity of sunlight when the syn is 
moderatelj- high. Spring sunlight is strongest and richest in Infra- 
red. The same author states that tlie percentile relationship 
between infra-red and the other wave-lengths is variable and depen- 
dent on atmospheric density, temperature, humidity, circulation, 
time of day or year, latitude, and altitude. 

> Laurens, 11 : The Physiological Ellecta trf Badiaot Energy. Chem Cut. Com- 
pany, 1033 
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The penetrability of infra-red raj's into the tissues of the human 
body depends in great part on their H'a\'e-Iengt}is, the shortest 
lengths being able to penetrate most deeplj'. The depth to which 
they can pass is also dependent on the tj'pe of tissue. 

The most penetrating infra-red wave-lengths are those between 
720m/:iand MOOmft. They &te said to penetrate subcutaneous tis‘>ues 
to a distance of 10 to 30 mm.^ The skin has little absorbing effect 
on these rays. Longer frequencies (over 1500 m/i) probablj' cannot 
penetrate more than 3 mm. 

Since solar radiation contains all of the wave-lengths of tlie near 
infra-red series it is an efficient practical source of these raj's. The 
only drawback to their use is their inconstant amount throughout 
the day and the readiness with which their amount and intensity 
may be affected by meteorologic conditions. Tliere are said to be 
not more than three or four hours around high noon under favorable 
atmospheric conditions when thej' are present in sufficient amounts 
to be useful. Moreover, they are not concentrated, and this makes 
it necessary to expose large areas of the body at one time. 

Visible Light.— ‘White light from any source contains all wave- 
lengths from 770 ra^ to 400 When dispersed through a prism or 
grating they show as bands of color. These colors in the order of 
their increasing frequency (decreasing \Tave-lengths) are red, orange, 
yellow, green, blue, indigo and violet. 

They have little power of penetration through human tissues and 
make themselves felt only because of the sense of heat they produce 
by the absorption of some of the heat rays at the rctl end of the 
spectrum. Most of the effects commonly attributed to bright lights 
such as Klieg lights, electric arcs, sun-gazing, etc., arc not due to 
their visible rays, but the ultra-violet radiations which accompany 
them {vide infra). 

Ultra-violet.— Although all wave-lengths of less than approxi- 
mately 400 mn are “beyond the violet” of the visible spectrum, the 
term ultra-violet is now limited to those frequencies lying between 
the visual violet and the “soft” or long wave-length a:-rajs (50 
according to some authorities and 12 according to others). 

Sunshine (solar radiation) probably never contains wave-lengths 
less than 290 mp, even under the best atmospheric conditions. This 
limits natural ultra-violet radiation on the earth from this source 
to less than one-half of its total possible wa^'e-lengths. The measure- 
ments and effects of the rays between 3(K) m^^ and 50 m;i (or 12 m/i) 
have been made on rays artificially produced. 

Ultra-violet intensity at the level of the earth is highly susceptible 
to the physical state of theairabo^e. Passing clouds, dust particles, 
and water-vapor are all capable of reducing the amount of ultra- 

* Kovdcs, R : Electrotherapy and the Elements ot Light Therapy, Philadelphia. 
Lea & Pebiger, 193S. 
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violet reaching the groun(?. Of great importance to life in general 
is the shielding elTcct of ozone in the upper trgpiiosphere. Ozone 
has an absorption band at about 250 in/t and to tliis is attributed the 
natural limitation of solar radiation to approximately this figure. 
Humphreys* believes that ^vitlioiit the protecting layer of ozone 
ultra-violet radiations do^Nm to 200 m/i at least woiihl reacli the earth 
and be destructive to many orpanbras. 

The ultra-violet intensity is also influenced by variations in the 
amount eniittcil from the sun, the distance of the sun from the 
earth, tlie sun’s altitude, and the sun’s zenith distance. 

Laurens states that the ultra-violet in the light of the setting sun 
(liminislics at the e.vpense of the infra-reel. Seasonal variations 
are inarkeel throughout tlie world, the total ultra-N’loIet being gen- 
erally 5.04 times greater in summer than in winter. Laurens shows 
a dilTerence in the long and short ultra-violet rays in this respect, 
stating that in contrast to the above figure the short ultra-violet is 
15.59 times greater in summer than in winter. 

Artificial sources of large amounts of ultra-violet rays are of two 
main tj-pes; the flaming carbon arc. with or without the admixture 
of a metal or metallic core in the cnrlmn, and the arc produce<i by 
an electric current passed through vaporized mercurj’, tungsten, 
or iron in a partial vacuum. Although all of these sources emit 
rays in the ultra-violet, visible and itdm-retl spectrum, the propor- 
tions of tliesc components are variable. Tlie carbon arc most 
resembles the natural sunlight spectrum. The radiations from 
ultra-violet lamps can he limitwl to desired wave-lengths by the 
use of filters, For a complete discussion of the available types of 
lamps, the physical properties and penetrability of tlieir rays, the 
voltage, amperage and distances at which tliey are to be operated, 
and the varieties and pli^sicol properties of the glasses and filters 
to be used in conjunction with them the reafler is referred to standard 
works on ultra-violet light ami light therapy. 

Ultra-violet rays are quickly absorbe<l by protoplasm and on the 
human are barely able to penetrate the most superficial layers of 
the skin. Most are absorbetl by passage through 0.1 to 0.3 mm. of 
skin, although some of the longer wave-lengths near the visible 
spectrum may penetrate as far as 2 mm. 

The human cornea absorbs afl wave-lengths shorter than 295 tn/j 
and the lens is opaque to radiations of less th-an 300 in;i (Laurens). 

X-rays (Roentgen Rays).— A'-rays are probably produced in the 
intense heat of the .sun and the interior of liot stars but never reach 
the earth in appreciable quantities. It is tlicoretically conceivable 
tliat they may be formed on the earth under exceptional circum- 
stances. 

> Humphreys, W. J . BuU Nat Res Coune . 61, 9S. 19Z7. 
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The only source from which they originate in quantities to affect 
man is the Crooks tube or a:-ray tube, in which cathode rays are 
made to impinge on a metal plate in a vacuum. The electronic 
bombardment disrupts the electron arrangements within the atoms 
of the metal and liberates radiant energies with wave-lengths of the 
order of 50 m^ to 0.01 m;*. 

A'-rays are penetrating to material substances in proportion to 
the density of the substance. They are least penetrable through 
lead. They can penetrate all parts of the human body, even the 
bones being able to absorb but a few of them. 

Gamma Rays.— These are spoken of by some as high frequency 
ar-rays in the same way that ar-rays may be short-wave ultra-violet 
ray.s. They are emitted in the spontaneous degeneration of radio- 
active substances such as radium, thorium and uranium. Their 
frequencies are very rapid with wave-lengths of less than 0.01 mp. 

Due to their rapid vibration and high energy thej" can penetrate 
deeply into human tissues. The only artihcial source of gamma 
rays is from the experimental transmutation of elements brought 
about by bombarding them with electrons nhose speed has been 
stepped up by high-voltage currents. The number and duration of 
the rays so produce<l is too insignificant to permit observation of 
their effect on the human body. 

The Effects of Badiaot Energy.— When e\-olutionnry clianges 
occurred in man in the past, they took place under his exposure to 
solar radiation of varying intensities, and possibly, extent. Irre- 
spective of the W'ave-lengths which impinged on bis body they must 
have affected his skin and eyes most directly. This does not pre- 
clude the possibility that the more penetrating rays of the spectrum 
might have affected other tissues and organs, but these could only 
have been reached directly or indirectly by way of the skin and 
cornea. The racial pigmentation of the skin is an inherited charac- 
teristic and varies from the near-black of the true negro to the fair 
pink of tlie Caucasian. It is assumed to be due to the gradual 
adaptation of these racra to the solar spectrum intensities in the 
areas where they developed. The theorj- implies that the pigmen- 
tation is a protective response to harmful rays and possesses survival 
value because it protects the whole organism. On the other hand, 
there is no evidence that any parallel protecting mechanism has been 
developed for the eye. The corneal and lenticular tissues stop rays 
of the same wave-lengths in all races. It is possible, however, that 
the dark eyelids and dark irises of the colored races may protect 
the eye somewhat by dispersing and reflecting rays at the pupillary 
opening. 

The pigment of the skin is melanin, an organic colloid produced 
extracellularly in the acquired types of pigmentation but appearing 
intracellularly in the negro skin. In acquired tj-pes melanin is 
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formed I)y the activation of t^TOiiimse (an enzyme) by the light 
rays. Tyrosinase is cotivcrtcd into tyrosin, and tlicn tliroiigli an 
intennediate product, dioxyplieiiylalaiiiii (doj»a), into melanin. 
The melanin is found only in the basal layers of the skin. Pigment 
granules in chromatopliores arc pliagocytizcd melanin. Jlclanin 
absorbs all vave-lengtlis of solar radiation and converts them 
into heat. Laurens describes these granules as “innumerable little 
collections of heat energy.” ITicy act like black bodies by converting 
harmful rays into heat. The beat is then passctl on slo^vly to the 
tissues and circulation and is readily accommodated by the heat 
regulatory mechanisms of the Iwly. 

The superficial layers of the cpitlielhnn, those which are “outside'' 
the melanin, have no such protection. When ultra-violet light of 
Iiigh or long continued intcnsit 3 - strikes the horny layers of the skin 
it produces colloidal chajiges in the cells which lead to swelling, and 
later, thickening and keratinization. Tins more opaque, thickened 
layer now reflects atid disperses more rays than formerly and con- 
sequently absorbs fewer of them. Many observers claim that the 
thickness of the superficial epithelium is the most Important single 
factor in determining the resistance to sunburn and that the most 
susceptible parts of tlio body arc those where the epithelium is 
thinnest. 

IJefore conshlcring the effects of .spedfic W’ave-Icngths on the dif- 
ferent functions of the body it will be necessary to refer to some 
general opinions on the effect of radiant energy on living protoplasm 
and the human organism as a %sholc. 

The following quotations from Laurens'* cedensice review of the 
subject and his interpretations arc selected .as representing the most 
recent authoritative generalizations on the mechanisms of cell and 
tissue response to radiant energy': 

“The effect of radiation of a given wave-length is directly pro- 
portional to the coefficient of absorption of protoplasm for that 
wave-length. All radiation transfers energy to molecules which 
absorb it and produce heat, but certain frequencies fall in step with 
the oscillation periods which depend on the molecular structure 
and so break up the molecule when the energy absorbetl is sufficient." 

"Irradiation with the wave-lengths that we are interested in 
(infra-red, visible light, ultra-s'iolet) lias two effects, stimulative 
and lethal. In general, the first is exerted by wave-lengths to as 
short as about 290 mp, the second by’ those shorter, perhaps by the 
production of a toxic phota-piwluct, which in small quantity may 
act as a stimulant to coll division. Put another way, it m.ay be said 
that tlie longer ultra-violet ray's betw-cen 400 and 300 mu do not 

> Laurens, H : The Phyeiolofflcal Effectaof Kadiaat Energy, Remhold Publisbine 
Corporation, 1033. 
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produce the marked effects obtained from those shorter than 300 m/x. 
In the action of radiation we have two elements, a photo-chemical 
and a biological one. The photo-chemical effect ends with the pro- 
duction of the dermatitis and the activation of substances in the 
skin and possibly in the blood, while the biological, the effect on 
metabolism, gronlh, circulation, etc., lasts for some time.” 

“ The only reasonable conclusion (to the argument as to whether 
ultra-violet light could act directly on deep seated organs) is that 
following ultra-violet irradiation some photo-chemical substance 
formed in the skin is carried by the blood stream to the various 
organs, there bringing about the obser\e<l changes.” 

“According to Bovie, it is the instability of the physiological 
mechanism rather than particular w-ave-lengths which determines 
the nature of the physiological effect produced, since he and his 
associates have demonstrated that rays from widely separated 
regions of the spectrum, provided their ability to penetrate the 
organism is such that similar parts are irradiated, produce similar 
physiological effects, regardless of the wave-lengths. They postu- 
late, therefore, that the differences observed in physiological effects 
are due to differences in penclratingpowers rather than in any action 
specific for u-a^-e-lengths. In the visible and ultra-vdolet regions 
absorption depends upon molecular composition, and the roentgen 
and gamma regions upon the atomic composition of the irradiated 
protoplasm.” 

Laurens states in conclusion, “However the action of radiant 
energy may be explainetl, granting that the incipient effect 
is photoelectric, it must be admitted that photochemical reactions 
ensue, new or changed substances arise in the skin and these passing 
into the blood produced tlie variety of effects which have been 
discussed above.” 

Roentgen and gamma ray radiations are almost physically identi- 
cal; the main characteristics which differentiate them are their wave- 
length and permeability. There is no apparent difference except 
quantitative, in their action on living tissue. 

Although protoplasm is reganled as a chemical entity, the living 
cell is neither homogeneous, stable nor permanent. The colloidal 
systems of cytoplasm, nucleus, nuclear and cellular membranes, and 
the many lesser identifiable parts of the cell are in a constant state 
of flux which depends on the chemical and physiologic functions of 
the cell going on at any one time. The short wave-lengths of 
roentgen and gamma rays enter the atomic structures of these chem- 
ical substances and disturb their equilibrium by displacing electrons. 
The new electron arrangements and the energies releas^ by their 
shift within the atom will result in new’ chemical and physical adjust- 
ments in the physiologj’ of the cell. Just as gross physical forces 
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disrupt tissue morpliology so these powerful short wave energies 
disrupt atomic and inter-atomic relationships. The effect on the 
cell must depend, therefore, on the chemical-physical state of the 
cell at the time and the intensity and dose of the radiation acting 
on it. 

The threshold at which the normal atomic relationships become 
abnormal must be higlib’ variable. That is, the dos.sge* necessary 
to produce permanent abnormal changes in a cell must be as indeter- 
minate as the character of the protoplasm, its physical state and 
functional activity at the time the radiation acts. 

Relative sensitivity of different cells ami tissues to radiation can 
mean only tlic relative degree to which they are affected under equal 
dosages of radiant energy under their average state of functional 
activity. When it is Siald that a tissue of highly differentiated cells 
is less sensitive than one of less differentiated cells it now means 
that this is true not because of the differentiation but because of 
the differences in the rate and degree of the physiologic processes. 
Undifferentiated cells are highly active in their metabolism and rate 
of reproduction and a tissue made up of such cells is in a less 
stable condition than a Iiighly differcntiatwl tissue. Nevertheless 
undifferentiated cells may be made less active by cold and other 
factors and when so influenced may he even less sensitive than 
differentiated cells. On the average, however, the generalization 
seems to hold and it is possible to create an average scale of sensi- 
tivity of tissue.s. Desjardins’* relative sensitivity table may he 
reduced to the following arrangement of general types of cells in 
decreasing order of sensitiveness: lymphocytes, leukoc^’tes, epithelial 
cells, connecth'c tissue cells, muscle cells, bone cells, fat cells ami 
nerve cells. 

The physiologic changes brought about range from inconsequential 
temporary' disturbances from which recovery is rapid and complete 
to progressive irreversible reactions which terminate in death. The 
changes are therefore so numerous as to prohibit any detailed dis- 
cussion of them in thi.s work. In general they differ qualitatively 
in no wise from those brought about by other plij'sical agents such 
as cold and heat. The terminal event is always necrosis. Some dis- 
cussion centers around the question whether these short wav^ 
lengths ever stimulate cells, but the general consensus of opinion is 
in the negative on the assumption that any apparent stimulation 
is indirectly the result of increased activity following varying degrees 
of destruction. 

As mth the radiant energies previously considered the general 
opinion is that there is no spedfic Traire-length effect. As a result 
the action of roentgen and gamma raj's is identical, but their 
effectiveness is a function of their penetrability. The degree of 
' Deajardin*. A. U.: Am. Jour. Roentienol., 32, 493, 193-1. 
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their effect on tJje cells is determined therefore bj* the accessibility 
of the cells and the quantity (dosage) of the irradiation employed. 

From the foregoing statements on the effects of radiant energy 
on protoplasm and living cells in general it is evident that their 
effects on specific cells and tissues in the human must be condi- 
tioned by several important factors. First among them is the 
accessibility of given cells to given wave-lengths. Ignoring indirect 
effects for the moment, a cell whicli cannot be reached directly by 
a penetrating ray cannot be affected by it. For example, visible 
light rays cannot reach the me<lulla of long bones and therefore 
have no "direct action on it, while ar-rays can pass completely through 
the medullary canal and affect it. On the other hand, heat rays 
can exert themselves on cells well cmbe<lded in subcutaneous tissues, 
while the shorter ultra-violet waves are stopped by melanin in the 
basal layers of the skin. 

Since radiant energy is a primary categorical factor in the cause 
of disease, and the abnormal states which it brings about depends 
to so great an extent on the tissues and organs affected, these tissue 
responses will be briefly reviewed. 

In considering special tissue effects it must be rememberetl that 
some of the changes are due directly to the action of the rays, 
while others are secondary and result from a chain of physiologic or 
pathologic alterations. 

Solar radiation impinging on the skin produces photothermal 
reactions through the long red and infra-red rays and photo-chemical 
changes by the short and medium wave-lengths in the ultra-violet. 
The first raises the temperature of the skin, sweat glands, intra- 
capillary blood and subcutaneous tissues by the liberation of heat. 
The direct result is therefore local elevation of temperature. Fol- 
lowing this reflex, capillary dilatation takes place which increases 
the amount of blood to the part, stimxilates sweat gland activity, 
alters the osmotic balance between tissue fluids, and brings more 
fluid and cellular elements of the blood into the field. Still more 
remote effects are reflex changes in other parts of the body, and 
the influence of the added quanta of heat energj* carried to all 
tissues through the blood stream. The focai picture of the com- 
bined effects is increased heat, redness and swelling, i. e., erythema. 

The ultra-violet range of the spectrum acts directly onlj’ on the 
outermost layers of the skin. If it is an exposure on a relatively 
unpigmented skin the short rays penetrate to the basal layers and 
stimulate the formation of melanin. On the superficial layer it 
produces chemical changes in the cells as it passes through them. 
These changes, largely colloidal in nature, cause swelling of the 
protoplasm and therefore thickening of the outer layers. Due to 
the combined effect of melanin and thickened, more opaque cells, 
less and less ultra-violet light can get beyond the basal layers. 
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Coiitituioil exposure intrcascs tlic amotuit of melanin and brings 
on tbe appearance of tanning. If the initial exjwaure is very intense 
tlie cells of all layers of tlie skin undergo cliemical cliaiigcs to an 
intolerable degree, and jiccrosis results. In .severe sunburn tlie 
necrosis is manifested i»y blisters and all of tlie phenomena of an 
ordinary lieat burn. Peeling is a delayed shedding of necroscfl 
epithelium which has been brought on by more moderate exposures. 
In addition to the visible changes there are remote effects probably 
brought about by the development of abnormal chemical constitu- 
ents originating from hroken-tlown proteins. One of these is prob- 
ably a histainin-llke substance. Kever, headache and tbe uncon- 
.sciousness of sunstroke are eviilem-cs of such disturbances in distant 
body functions. 

The picture of siinbiu-n is complcteil when to tJie combined photo- 
thermal and photo-chemical cITecfs are addwl the subjective symp- 
toms of burning, tenderness of the skin, stiffness of joints when 
they are involvetl, and secondary malaise, anorexia, sleeplessness, 
ami other psychic nianifcstations. 

The activation of ergosterol in the deeper layers of the skin by 
ultra-violet light may be eonsiilcrctl as a special tissue effect of 
radiant energy. For a discussion of this effect the render is referred 
to the section on \’itnmin D (p. 110) ami below (p. 370) in this 
section. 

The eonjuiietiva and superficial structures of tlie eye are affected 
by all wave-lengths which affect the skin. The hyperemia, swelling, 
sense of “sand-in-tlte-c>e,” and later, purulent tliicharge, are evi- 
dences largely of photo-tliermal effects of visible and infra-red light 
plus some degree of cell damage brought nlmut by the ultra-violet 
rajs. ^Yllen the exposure has been intense tlie swellbig of tbe 
cells, especially those of the cornea, may go on to necrosis and end 
in corneal ulceration and opacity. 

There is much controversy over the influence of strong light of 
all w’ave-iengtiis on the deeper structures of the eye. In a review- 
of the literature to date one is imprcssetl with the lack of unanimity 
of opinion, and this seems to arise from lack of information on the 
ph j siology of the refracting media. Tbe leas is complex in structure 
and apparently also in physiology as evidenced by the studios on 
tbe biochemistry of its different parts. All workers agree, however, 
that the effect oT tJienna'I and dieinica'l rajs are coniYitioned more 
by their intensitj* than their specific wave-lengths. Sunshine, sky 
shine, the glare from snow and sand, an<l the variable spectrum from 
molten glass and metals, as well ns the radi.ations from arc and 
mercury vapor lamps are complexes of energies, and if intense 
enough and of sufficient dosage, are all capable of injuring one or 
more parts of tlieej-e. It is sufficient to saj’ that visible and invisible 
light intensities are capable of producing everjdhing from simple 
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physiologic fatigue to severe destructive processes in the cornea, 
lens, ciliarj' body and retina. 

Glass blowers’ cataract lias been linked up largely with excess of 
the heat-producing rays, and senile cataract with the ultra-violet 
plus a modicum of heat effect from the visible and infra-red. Snow 
and sand blindness are believed to result from the concentrated 
ultra-violet radiations refracted and reflected from these expansive 
white surfaces. Eclipse scotoma, following exposure of short dura- 
tion is, on the other hand, presumed to be an intense power burn. 

Ultra-violet rajs from wide sources such as sunshine and sky 
shine are believer! to exhaust the visual purple of the retina in the 
absence of sufficient vitamin D and load to functional blindness. 

The influence of irradiation on the circulatory system is primarily 
a reduction of blood-pressure. Under experimental conditions the 
lowered pressure is slight and transitorv', and there is no evidence 
that it is a factor of any permanent significance under ordinary 
conditions of exposure to sunlight. According to Laurens, “The 
factors held responsible are diverse, namely, cutaneous hyperemia; 
changes in blood viscosity; the production in the skin of depressor 
substances which, getting into the blood stream, lower the periph- 
eral resistance; the breathing of depressor substances, such as oxides 
of nitrogen and similar compounds set free by the arc; sympathetic 
hj potonia, and perliaps others.” Whatever their nature, the changes 
arc within the limits of physiologic tolerance and it seems unlikely 
that irradiation in health can result in disease through its action on 
the circulatory mechanism -per 9C. 

ISIost of the data reportwl on the effect of irradiation on the 
formed elements of the blood were obtained \mder conditions which 
preclude any comparison of the studies and their results. In order 
to get specific results La<jrens, Mayerson and their co-w'orkers 
studie<l the effects of knowm wave-lengths on dogs under controlled 
experimental conditions of diet, e.xposurc to light, blood volume, 
etc. As a result of their studies, the follow ing brief statements can 
be made about the effects of the “pan-ray” and “sunshine” carbon 
arcs on dog's/ a gradual increase in etj’tftcoeytes after t?te ce&sation 
of irradiation (sixty minutes ex’erj' other day for two w’eeks) to 
twice their pre-irradiation number; a parallel increase in reticulo- 
cytes; persistent low hematocrit value and therefore decreasing 
corpuscular volume; insignificant changes in hemoglobin or cor- 
puscular saturation. 

There is little question that irradiation causes a leukocytosis 
with a predominant increase in the lymphocytes. 

Immediately after irradiation there is a lowering of blood serum 
and calcium w})ic)j Mayerson’ explains as due to dilution of the 
blood by its increase in volume following the absorption of tissue 
‘ Mayerson, H. S.: Amer. Jour. Physiol , 81, 6SG, 19i7. 
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fluids from liypcremlc areas. Laurens iiclieves that all of the 
reports showing reduction of re<l cells and liemoglobin after irra- 
diation can be explained on the basis of increased plasma volume. 

Although much has been written on the influence of irradiation 
on diseased states there is little to be said on its effects on the 
normal and Mhether it can or cannot produce disease in normal 
individuals. Mayerson, Gunther and Laurens' (192(i) undertook 
the study of metabolic changes occurring in dogs following irradia- 
tion, and in dogs living in darkness uhich were brought into sunlight 
and vice tersa. In the first instance they found that moderate 
intensities of Sunshine Carlion Arc irradiation increased the endog- 
enous nitrogen metahoHsm, stimulated the absorption of calcium 
and phosphorus from the intestine, ami decreased the amount of 
blooti sugar. Laurens summ-nrizes tlic finilings in tlogs brought 
from darkness to sunlight and from sunlight to darkness by saying 
that in both cases there was a stimiiLition of endogenous nitrogen 
metabolism and changes in the partition of c-alcium and phosphorus 
in the urine and fccc.s, with phosphorus retention lie assumes 
that prohalily any deviation from the usual, insofar ns radiant energy 
is concerned, acts ns a stimulus which disturbs the metabolism of 
these constituents. 

A number of disease states present evidence tliat in susceptible 
individuals, radiant energies (c»pociall.i the ultra-violet radiations) 
may bring about a state of hypersensitivencss to them. Thus Duke 
iiolds that the ultra-violet rays of sunlight produce in some people 
cutaneous phenomena which are clinically indistinguishable from 
those caused by organic allergens. Moreover, some patients on 
exposure to sunlight develop even more general and deep-seated 
pathology simulating asthma and hay fever. It is not uncommon for 
some people to sneeze repeateilly on first c()ming into bright sunshine. 
A probable link-up between Duke’s physical allergy due to sunshine 
and hypersensitivenes.s in general may rest on the basis of histamin- 
like allergens produced in tlie skin l»y sunliglit on the one hand 
and by a number of organic agents in different tissues of the body 
on the other. 

In another group of sensitizations are those conditions i« which 
certain photosensiti%'e cliemical substances are assumed to be present 
in abnormal amounts in the skin or in which photosensitive chemicals 
normally present are activated with undue facility by exposure of 
the body to sunlight. Hy'droa vacciniformis is a disease in which 
hematoporpbyrin and its derivativ’es uroporphyrin and copropor- 
phyrin are demonstrable in the skin, urine and feces. These sub- 
stances are all fluorescent in ultra-xdolet light. The seasonal inci- 
dence of hydroa vacciniformis in the summer and its aggravation 

‘ May«tson, H. S., Gunther, I. , and Lancena. H. Am Joik. Physiol . T6. 399, 
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at times by snow-glare in the wintCT point firmly' toward its con- 
nection with light intensity. Moreover, hematoporphyrin is the 
only natural fluorescent substance known in the body. 

Xeroderma pigmentosa (Kaposi's disease) is a tendency to massive 
freckling, severe sunbxim, keratods, atrophy of the skin, depigmen- 
tation, and malignancy of the skin. It is of familial occurrence but 
not definitely proven to be hereditarj'. Although it is not assumed 
that actinic rays of sunlight cause the disease there is no doubt that 
ultra-violet, and possibly \’isible rays, are the important activating 
agents. The true nature of the susceptibility to these radiations 
is not known. 

Sunlight is said by some to be a factor in the protluction of cancer 
of the lower lip. It is postulated that the excessive exposure of the 
lower lip in persons whose lower lip is large and everted results in 
photo-chemical and photo-thermal changes conducive to carcinoma. 

For many years the sj^Tninetrical <listribution of the cutaneous 
lesions of pellagra has been explained on a photo-dynamic basis. No 
definite evidence has been brought foru*ard in support of the theory 
but it is not improbable that some photosensitive reaction may be 
found to underlie the remarkable distribution of the lesions on the 
e.tposed uTJsts and neck. 

A’-rays and radium are unquestionably carcinogenic. (In the 
case of radium consideration roust be given to the part played by 
its alpha and beta emanations as well as its gamma rays.) The 
close correlation between the malignancies developing in the epi- 
thelial tissues following a'-ray burns or the slow epithelial changes 
from often repeated exposures to rays of low intensity and dosage, 
and the carcinomatous changes prodticed by experimental irradia- 
tion with roentgen and gamma rays leaves little doubt as to the 
causal relationship between them. The mechanism by which 
malignant change is brought about must remain in doubt until 
more is kno^Ti of the nature of malignancy in general. 

Clinical observation long ago revealed a selective destruction by 
roentgen and gamma rays of the cellular elements of the gonads 
which leads to sterility in both sexes. This has been axperimentall}' 
confirmed and the principle is now applied in producing artificial 
sterility for therapeutic or l^al purposes. 

In concluding the discussion of radiant energy a word must be 
said regarding the usefulness of the whole effective range of the 
electromagnetic spectrum on the entire human organism. It is 
probable that the human could live without light provided all other 
en\ironraental factors necessary for growth and development were 
present. But this does not imply that he would ever reach optimum 
efficiency. The close relationship between man’s phj^ical and 
chemical constitution and the physical and chemical properties of 
his light environment make it appear that his normal physiologic 
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equilibrium is largely eonilitioncf] by light. Even this brief review 
of the effect of radiant cnergj' on metabolism reve.als important 
shifts in electrolyte balances which may be necessary to keep np 
the state of relative equilibrium of the body ns a whole; that without 
the constant flux brought about by a shifting environment, the 
necessary stimuli to internal readjustments would be lacking and a 
lethal inactivity result. The science of the human organism is 
nowhere near the point where the effect of the entire light environ- 
ment on the whole organism can be determined hy studying the 
effects of the isolated components of the spectrum on the isolated 
functions of the body. Nor is the nuliant energy spectrum to be 
isolated from otiicr environmental factors. It may be true that 
tertnin intensities and dosagea of sjKrcific Mavc-lcngths may bring 
about specific results, but health is maintained by the phylogenic 
inheritance of an organimtion able to adapt itself to them and in 
so doing benefit from the conflict. Sunlight itself cannot sustain 
life without the nccessjiry nutritive elements, nor can these two 
maintain licalth without the support of all other environmental 
factors. Categorically radiant energies can produce disease through 
their effects alone, but they arc only one clement among inheritance, 
atmosphere, food, parasitesand biosoclnl factors that go to produce 
a healthy man. 



CHAPTER XXXVI. 


THE DEFENSE AGAINST RADIANT ENERGY. 

The practice of overexposing the body to sunlight has become 
popularized on the assumption that tanning of the skin is synon- 
ymous with health. Tanning is a natural defense mechanism, lim- 
ited to the skin on the anatomic side and to protection against the 
deep effects of ultra-violet rays on the physiologic. But it must be 
emphasized that the photo-thermal rays are not stopped by melanin 
and the photo-chemical rays are absorbed in the epidermis only by 
virtue of pathologic changes induced in the superficial cell layers 
of the skin. 

Insolation reactions can therefore occur, though less readily, 
through pigmented skin. Since the ability to produce melanin 
under the action of ultra-violet light is highly variable among indi- 
viduals it follows that any generalization about the amount of 
exposure must be so qualified as to lose its significance entirely. In 
a beach full of bathers some will tan quickly and others hardly at 
all; some will feel no more than a pleasant glowing reaction and 
others will become confined to bed with severe sunburn and general 
body reactions. 

Whereas a certain amount of surface erythema might be beneficial 
in improving the skin circulation there is no evidence that sunburn 
is of any value in health. Tanning is taken by some as an index of 
the curative properties of light in the treatment of tuberculosis, 
although it is not at all certain that this belief is well founded. On 
the other hand, repeated hea\'y exposures on a skin which will not 
tan is undoubtedly harmful. The local and general thermal dis- 
turbances and the liberation of split-protein products into the 
circulation may be the cause of unforeseen derangements in the 
metabolic functions of internal organs — liver, pancreas, brain, thy- 
roid, parathyroids, bones, etc. 

On general principles it may safely be said that it is at least 
unwise to overexpose the body to direct sunlight. Short periods 
do no harm if painful sunburn does not result, especially in dark- 
skinned individuals or those who have become tanned. Blondes 
pigment with difficulty and should be especially cautious. 

Similar reasoning, with still greater justification can be applied 
against the home use of artificial radiant heat and ultra-violet light. 
In addition to the skin effect there is alwaj's the danger of damage 
to the eyes. The exorbitant claims of therapeutic lamp manufac- 
24 ( 369 ) 
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ttirers luivc led to the use of these flppllanees for purposes far 
beyond their powers. They have some therapeutic value on Ashieh 
their use is entirely justifietl, but they should be used only on tlie 
advice of a competent phj'sician who understands the nature of 
their elfeet and can intellifientlj' direct the patient as to the fre- 
quency and lenpth of exposure, amount of current, distance from 
the lamp, types of filters, and general precautions in their use. 

When prolongc<l exposure to sunlight is utiavoidahlc the skin 
should be protected by light clothing or, when this is impractical, 
the skin sliould be nibbed with a light oil or vaseline to help absorb 
the rays. This is cbpecially true when wetting of the body occurs 
during the time of exposure, for wet skin burns more readily. 

Individuals differ in the sensitivity of tlicir eyes to the visible 
rajs of sunlight. This is prolwibly c-vplained on the physiologic 
level and iloes not necessarily connote di>casc. It docs, however, 
imply eye fatigue and results in some ilcgrce of photophobia, laeh- 
rjmation, painful orbits, and headache. Such persons sliould 
linhitually wear tinted or smofceil glasses to cut down the intensity 
of the visible light. 

Under certain circumstances and in some occupations exposure to 
harmful intensities of ultra-violet light is unavoidable. Jlcntion 
has already been made of snow' and sand blindness. Ejeshades to 
to cut down tlie source of these rays and special filter lenses to reduce 
the ultra-violet are indicated in all occup.itions where the worker 
must face bright incandescent lights. Klcctric arc welders, glass 
workers, operators of ultra-violet light generators, incandescent lamp 
manufacturers and workers, carbon arc machine operators, moving 
picture actors who must face brilliant floodlights, should all protect 
their eyes by suitable goggles or glasses whenever practicable. No 
one should ever attempt to look directly at the sun w hen it is bright, 
and during an eclipse should do so only through smoked or darkened 
glass. 

Deficiency in the amount and intensitj of ultra-violet light may 
be a factor in the development of rickets, and for this reason it may 
be necessary to supplement it by artificial means. Ultra-violet 
light does not take the place of vitamin D, calcium or phosphorus 
in the food, but augments the activity of the first and regulates the 
distribution of the two latter elements. With this qualification, 
a lessened amount of ultra-violet light may be looked upon as a 
cause of disease. 

Altliougii the prevalence of clinical rickets is on tlie decline there 
is probably a high incidence of this disease In its subclinical stage. 
Infants reared in close, poorly-lit and ill-ventilated surroundings 
undoubtedly get insufficient ultra-violet light, and although tlieir 
diets may now be better than in the past they lack this essential 
stimulus to calcium and phosphorus metabolism. Tlie prevention 
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of rickets is therefore largely one of supplying an adequate amount 
of ultra-violet light. This is of special importance in industrial 
centers where the air contains a large amount of dust and smoke 
particles. It is also generally true of most localities in the winter 
when the ultra-violet intensities are greatly reduced. 

Children brought up under these circumstances should be exposed 
to the sunlight daily. In institutions they should be placed in solaria 
which are open in the summer and closed in winter behind synthetic 
glass which is made to permit the passage of ultra-violet light. 
^Yhen natural sunlight is not available in sufficient quantities resort 
may be had to the use of artificial souK'es such as the quartz mercury 
vapor lamp. The dosage and distance of the lamp must be regu- 
lated and used under competent supervision and the children’s 
eyes must be adequately proteete<l. 

Protection from roentgen irradiation is dependent on three prin- 
ciples: (1) Avoidance of exposure; (2) the use of screens and filters; 
(3) focusing of the rays. 

In following the first, operators of ^-ray machines imist under- 
stand that nearness to the machine is commensurate with exposure. 
Scattering of rajs and secondary emanations always occur and 
cannot be avoide<l bv any one in close proximitj to the machine. 
Although the dosage at any one e.xposure may be minimal, there is 
danger from repeated small doses. The tubes should never be 
adjusted after the current has been turneti on and the actual opera- 
tion of the machine should be performed at a control board well 
removed from the j-ray outfit itself. 

Attendants on a’-ray machines should ha\e four consecutive weeks 
out of a year of complete remo\a! from exposure to ar-ray emanations. 

Screens of lead should separate the control room from the z-ray 
machine. Lead-impregnated aprons and gIo\es should be worn 
while operating the fluoroscope or attending patients under the raj s. 

The newer z-ray tubes and machines ha\-e improved the protection 
to attendants and operators by being enclosed in materials impene- 
trable to the z-rays. Scattering and secondary emanations have 
been reduced by confining the exit of the rays to a small aperture 
directed toward the object to be exposed. 



CHAPTKR XXXVII. 


THE EFFECT OF ELECTIllCITY AND JCLECTRONTC 
FORCES. 

Tiik Electron Theory of Matter ninkei it possible to explain 
many of the divergent phenomena of electrical, chemical and physi- 
cal change on the single Ikisw of electronic forces and energies. By 
this theory much has been accomplished to explain the mode of 
action of electrical and electronic forcra on the body. The funda- 
mental conception is the possession in common by electricity and 
protoplasm of electrically charged particles (accepting the particle 
theory ns a working basis) which are similar in nature and energies 
and therefore interchangeable. Free-moving electrons of an electric 
current passing through protoplasm can enter info the atoms of the 
protoplasmic elements. The addition to or subtraction of electrons 
from atoms changes the ratio between tlic negative charges (elec- 
trons) and the positive cban^is (nuclear protons) and brings about 
a change in the charge of the atom as a whole, alters its mass and 
releases energy. The cnoi^y released may be converted into 
thermal, mechanical or ra<Uant forms, and so bring about the 
familiar reaction of chemical and physical cljange. 

The normal physiology of the cell being largely concernetl w ith 
the activities of charged particles (free electrons, atoms and mole- 
cules) it is readily understood how electric forces brought into tlie 
body from the outside can augment, neutralize or overwhelm these 
normal minute charges of electricity. 

If the external electrical force is of such nature as to augment 
intracellular and intercellular electrical reactions, it results in stim- 
ulation of the cellular functions concerned. On the other hand, 
antagonistic forces can bring about changes of sudi serious nature 
as to cause suppression of important functions and lead to dism-^ 
tegration of cells and tissues and tenninatc in necrosis and death. 

Tlie con^’ersion of the electrical energies into heat, light, radiant 
energy and mechanical force may also augment or oppose normal 
inechanmns an<l bring about similar results. 

All of the factors which are concerned in the conduction of elec- 
tricity and its conversion into other forms of energy in non-living 
conductors are also of importance in the living body. Thus, the 
effect of any electric current or field of force on the body will be 
determine<l by the conductivity and resistance (ohms) of the tissues 
whicli are concerned and the force of the current (voltage), rate of 
work (watts), rate of flow of current (amperage), type of current, 
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whether direct (continuous) or alternating, and in the latter, the 
rate of alternation (cycles). 

The forms of electrical energy to be considered under this category 
are: lightning, artificially produced electric currents, electrostatic 
charges, and emanations from radioactive substances (other than 
gamma rays, for which see under Radiant Energy, page 359). 

Lightning.— The lightning discharge has an electromotive force 
of high voltage, reaching probably some millions of volts. It is a 
direct current discharge between the high potential charge on the 
clouds and the low potential on the earth. In its passage across this 
gradient it meets at times with the human body, which acts as a 
conductor. More or less of the entire discharge may pass through 
the body and either be stored on it as a temporary static charge 
or run off by some other conductor. The resistance varies with the 
tissues of the body concerned and the degree of insulation of the 
body from the conductor on which it rests. The lightning current 
acts in three ways to cause damage to the tissues; (1) By the pro- 
duction of high temperatures by its conversion into heat; (2) by 
electrolytic action; (3) by mechanical force brought about by the 
repulsion between tissue particles bearing the same electrical charge. 

When a person who is poorly insulated from tlie ground is struck 
by lightning the current is run off rapidly to the ground. Most of 
the current passes across the surface of the body and does little 
harm. Wherever it meets with high resistance, ns from excess 
moisture in wrinkles and folds of the skin, it is converted into heat 
and produces burns. For the same reason metal objects on the 
body or carried in the hands or pockets cause localizetl burns. The 
current through the body probably passes largely by way of the 
blood-vessels because the bloorl, according to Critchley,* is by far 
the best conductor of all the body tissues. Cerebrospinal fluid is 
the next best conductor accoitling to the same authority. Many 
of the phenomena of this type of injury are ascribed by Critchley 
to primary vascular clianges. The small cerebral hemorrhages 
appear to be due to the passage of the greater part of the charge 
through the vessels of the brain, and the bilateral paralysis (ker- 
aunoparalysis) is believed by him to be due to vascular spasm anal- 
ogous to that seen in Raynaud’s disease. The same authority is 
of the opinion that the vascular spasm, electrical edema, cyanosis, 
pupillary irregularities and whitening of the hair are secondary 
trophic disturbances resulting from electrical shock to the autonomic 
nervous system. The familiar lightning streaks seen through the 
skin and supposedly mirroring the branched lightning flash are 
generally believed to be spastic blood-vessels. 

Postmortem changes in the brain ha^e been difficult to account 
for. They have been describe<l as \’acuoli3ation3, hole.s, gas pockets, 

I Critchley, M.: lancet, 1, GS, 1934. 
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distended tissue spaces, and scpumtioii of tissue Iu\ ers accompanied 
by more or less gross licinorrhage. To explain these findings which 
are peevdiar to electric shock it postulated by Spitaka and 
Iladaseh* that gases were produced by electrolysis and that the 
acciimtdatcd gases disruptctl and distended the tissues. A’aporiza- 
tion of moisture by the heat energj' of the electric current lias also 
been thought to c.xplain tlusje findings. 

More recently, Pritchard* has given the most satisfactory explana- 
tion of these changes. Arguing from electrostatics, he lias shown 
that a lightning stroke proiluccs a bcasy static surface charge on 
the skin anti that under these conditions every particle of tlie skin, 
w ill carry an electric charge of the s.ime sign. Because bodies with 
like charges repel one another there will be ti tendency of the surface 
particles to fly apart. Tliey are prevented from doing so by their 
rigidity and cohesion, hut the total effect is that of a force acting 
outwards from the surface. Pritcliard lias estimated that this force 
may he cfpiu'alcnt to the sudden reduction of the atmospheric 
pressure by one-half. This almost instantaneous expansive force 
will be communicated inwani to all tissues within the body and 
they will. In turn, attempt to expand outwardly. The softest 
part.s will yield first, and separation of tissues witli little rigidity 
and cohesion between them will then take place. The vessels ami 
perivascular tissues, subarachnoid space and cleavage lines betw'een 
cortical lajcra of the brain are examples of areas of low cohesion 
and are the places where the postmortem findings described are 
most frecpiently seen. Small hemorrlmgcs result in these areas 
from the tearing of cerebral and meningeal vessels. 

('erebrai trauma is most likely to occur when the cranium is one 
of the terminals of the current. When other parts of the body are 
struck first, the central nervous system is often little, if at all affected 
because of its relatively low coefficient of conductivity. In non- 
fatal ca^e3 svith loss of consciousness Critchley states that the cere- 
bral sjmptoms are probably due to hemorrhage, cerebral edema, 
elevation of brain temperature an<l “possibly molecular changes of 
Midi character as w’ill elude present day forms of detection.” 

Combinatinns of thermal, electrclj-tic and static charge effects 
seem to explain best the majority of pathologic changes found after 
lightning stroke. Bapid muscular spasm and widespread injury 
to the autonomic nervous system are sufficient in themselves to 
account for the subjective symptoms which have been described 
by the victims in non-fatnl eases and by onlookers. The indefinite 
term “shock” is thereby put on a more tenable basis, and many of 
the formerly inexplicable and bizarre happenings are rationally 
accounted for. 

‘ SpitiXa, E. A . nnd Hadasch Am. Jour Med Sci., 164. Jll, 1912 

‘ Pritchard. E A. B . Lancet, 1, 1163, 1934 
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Artificial Electric Currents. — The effects of artificial electric cur- 
rents do not differ fundamentally from those produced by lightning 
stroke. The main observed differences are due to sucli conditioning 
factors as completeness of contact, parts of the body acting as 
terminals for the circuit, the controlled variation in the strength 
of the current, duration of contact, rapidity of alternation in alter- 
nating currents and to some degree the physiologic state of the 
body when the contact is made. 

The source of the electric current is of great importance because 
by it the strength and nature of the current is largely determined. 
The ordinary house circuit %’aries from 110 to 220 volts and 15 or 
30 amperes. In some installations a direct current is used, but 
more commonly it is alternating, with frequency cycles of from 50 to 
00 per second. High tension currents carrying voltages up to 
220,000 are generally alternating currents. The rapid frequency 
d’Arsonval currents with alternations of 750,000 to 3,000,000 per 
second are used in diathermy. 

Power currents vary from 400 to 20,400 volts and currents for 
street lighting circuits a^’erage 2000 to 3000 ^•ol^s. TJje circuits for 
small power units, elevators, etc., are protected by fuses with a 
capacity of 30 to 50 amperes. When a part of the body comes in 
contact with an open circuit, provided the body is not otherwise 
completely insulated, the current enters the point of contact as 
one terminal and leaves by such other parts as may be in position 
to complete the circuit. The course which the charge takes through 
the body depends on the resistance of the tissues which can conduct 
it and the strength of the current. In general, it may be said that 
the blood stream offers least resistance and the central nervous 
system is seldom affected unless the head acts as one of the terminals. 

At all points of contact between the surface of the body and a 
conductor the current generates heat, and if the current is strong 
and the resistance of the tissues high the heat may be sufficient to 
produce necrosis. If an arc is formed at the contact, a severe fire 
burn w ill result. 

An electric burn is generally sharply defined and progressive for 
some time alter the injury. 'Fhe latter characteristic is attributed 
to vascular damage in the regions just beyond the limits of the 
actual burn. All other phenomena connected with electric shock 
are due to special tissue effects. Muscle spasm may cause grotesque 
contractions of the body and secondary traumatic injury from falling 
or being thrown about. Neurologic effects result from damage to 
myelin sheaths, scattered petechial hemorrhages and, according to 
Critchley, chromatolysis, fragmentation, and tortuosity of the axons 
of peripheral nerves. Concussion may be an important element in 
producing immediate unconsciousness. In the opinion of Critchley, ' 

* Critchley. M.; Lancet, 1, 71. 1934. 
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mluccd metabolism only when it was iwcvintisly al)normally high, 
and increased the metabolic rate only in subjects with abnormally 
low rates. They confirniwl Dessaucr’s findhips that positive ions 
produced hcadaeltc in sensitive individuals and irritation in the 
nose and throat. They showe<l subjectively that negative ions had 
a cooling, relaxing cITeot. 

The indirect eirects of ionization in tlie air may be of more 
importance to man than any direct phj'siologic action. Since dust 
particles, salt crystals and water tlroplcts Itecome charged positively 
or negatively according to the plij-sica! circumstances which they 
meet in the atmosphere, the number and size of the aggregates so 
formed may make a great difference in the penetrability of the 
atmosphere by certain wavc-Icngtbs of solar radiation and in the 
conduction of heat. Furthermore, bacteria in the air may act as 
nuclei of larger aggregates of molecules and so be influenced in their 
ncti\ ity and duration of life and the distance to whicli they wdll be 
carried in moving air. Tliis latter may prove to he of significance 
in the epidemiology of such air*bome cliseases as tuberculosis and 
diphtheria. 

Radio-active Emanations.— A small group of elements with atomic 
weights of over 200 po-ssess the characteristic in common of under- 
going continuous, regular disintegration by the loss from their nuclei 
of positive and negative electrons. This property of emitting nuclear 
electrons is terine<l radio-activity, because the electron particles 
travel through space w ith high energies and can effect other material 
substances w’itli which they come in contact. The positive elec- 
trons are called alplia-rays and are positive nuclear electrons of 
helium. They are given off with a spce<l of 10,000 to 18,000 miles 
per second, and can tr.avel 1 to 4 inches through air. They are 
■•.topped by an ordinary sheet of paper. 

The negative electrons are similar to the cathode rays of the 
roentgen tube, but wdien emitted from radio-active sources are called 
beta-ray.s. They have a velocity which may ajiproach 0.9 that of 
light, and possess liigli penetrating qualities. They can pass through 
a few millimeters of phatimim, hut are effectively screened by thin 
sheets of gold, platinum and lead. (Gamma-raj s are electromagnetic 
raj s prcKluccfl by the impact of beta-rays on matter in the same way 
.that x-rajs are lihcratetl by cathode raj's striking on the metal 
target of the roentgen tube.) 

Through the loss of nuclear electrons, radio-active substances 
are continuously losing mass and electric charge which results in a 
change in atomic weight and numbw of the clement. As a result, 
new elements are being funned and it has been founti that this 
transmutation of elements Lj going on through a regular scries of 
elements with progressively lower atomic weights. The loss is a 
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constant percentage of the number of atoms present, and the “life” 
of such an element is measured in its half-period, that is, the time 
in which any amount of the element is reduced by one-half. Uran- 
ium has a half-period of 4.07 X 10* jears; radium, 1690 years; 
radium C*, 10~® seconds. Between these extremes are isotopic 
forms of uranium and radium with lialf-time periods of seconds, 
minutes and days. The final disintegration products of the radio- 
active elements are isotopes of lead. 

Although onlj the alpha- and beta-rajs come within the category 
of electron forces, it is difficult to separate the effects of these rays 
on living substances from those of the electromagnetic gamma-rajs. 
Although gamma-ray effects may be obtained alone by suitable 
alpha- and beta-ray filters, l)eta-rays are always accompanied by 
gamma-rays which make the results conflicting. The amounts of 
each may be measured, however, bj electroscopic methods, which 
makes it possible to estimate their proportionate effects with some 
assurance of accuracy. 

The more stableof the radio-active elements and their ores found in 
sold form in the earth’s crust are uranium, radium and thorium. 
They are closely allied with the alkaline earths strontium, barium, 
calcium and magnesium, and are found in largest quantities in pitch- 
blende, carnotite, and uraninite ores. Pitchblende is the most 
profitable soiirce of radium and is mined in the Belgian Congo, 
Czechoslovakia and Canada. The radio-octi\e elements in their 
combined native states are continuously disintegrating, so that 
their ores and salts are also radio-active. As a result, radium 
emanations are detectable in large amounts in mines where the 
ores occur. But because uranium and radium were present in 
great quantities millions of jears ago and were widely distributed 
in the earth’s crust, many soils today retain minute amounts which 
gi\’e off measurable alpha- and beta-raj's. At present tl»ey are 
found in mines and caves and deep, closed excavations, such as 
cellars and pits. Some enter the soil water in a gaseous state (radon, 
thoron) and appear in the water from mineral springs. Alpha- and 
heta-rays are also present in the atmosphere and are found concen- 
treated in rain and snow. 

The radium of commerce is usually the soluble bromide or insol- 
uble sulphate of radium. Badiura emanation, or radon, is a gaseous 
element formed from radium and is put up in small, hermetically 
sealed lengths of gold or glass tubes called “seeds.” 

Because radio-active emanations produce visible light when they 
strike the retina, radium salts are used as ingredients of luminous 
paints. Luminous paint consists of small amounts of radium or 
mesothorium in a base of erj’stallized zinc sulphide with some 
copper, manganese and cadmium. 

The biologic effect of radium emanations is believed to be pri- 
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marily a (listurlmiit'c of tlic protcin-lipokl-wnter pliascs of the col- 
loidal system of protoplasm. This is brought about by the electron 
disturbances tuul imbalances produced by the energies of the alpha- 
and beta-rays and the gamma radiations, and tlie secondary influ- 
ences of heat and other forms of cnergj* whicli are liberated. 

According to Colwell/ the ph>’sical damage to the living cell 
.seems to be due to change brought about in the permeability of the 
cell membrane and alterations in viscosity and surface tension in 
the protoplasmic elements. Tlie same authority debates the ques- 
tion wliethcr rjidiiim emanations stimulate autolysis by increasing 
the activity of enzymes, and states that the experimental results 
may be e.xplnine<l as well by tbe action of tlie raJ’s on the substrate. 
Autolysis docs occur under their action and may go on to cell 
<lestruction. 

Mitochondria are highly susceptible to these emanations, and 
their alteration may result In nuclear changes which are non-letlial 
but can be transmitted to subsct|Mcnt division products of the cell. 
This is believed to be the basis of their innlignaney-producing 
tendencies. Murtlnnd’ states that “The hlpha-mys arc biologically 
more destructive than either I»cta- or gamma-raj’s, the relation 
being 10,000 to 100 to 1. Tljercforc radio-active elements in such 
small quantities that the l>ctn and gamma radiations are almost 
negligible .still produce, through their alpha radiations, intense 
physiological efTcots. if given by mouth or vein.” 

On the other hand, exposure to ra<huro under conditions in which 
the emanations must tras’el through nir are more effective through 
the action of beta- and gamma-rays. Hiis is because the alpha 
particle meets with many molecules in traversing a short distance 
in air and is thereby impedc<l. MartlamI further states that meso- 
thorium in luminous paint is more toxic than radium because meso- 
thorium emits 5 alpha particles to 4 alpha particles of radium. 

Exposure to radium emanations occurs in all forms of radio-active 
therapy and among handlers of radium applications. Operators in 
uranium mines inaj’ ingest or inhale radiant ore dusts, and tliose in 
industries who handle and use luminous paints may take consider- 
able quantities of radio-active salts into their mouths. 

Radium for therapeutic purposes is put up in sealed hollow 
needles of gold, platinum or steel, each needle containing from 1 to 
10 mg-, of radium; tubes ol goM, plstiaum or moofi-mets] with 
10 to 100 mg. of radium each; plaques of metal sprea<l over with 
radium and having 1 to 4 sq. cm. surface area; bombs or hollow’ 
blocks of lead holding any desired numlrer of radium tubes; and the 
above mentioned “seeils” of radon (radium emanation). Dosage 
of radium is determinetl by focal distance from the part, amount of 

' Colwell, Hector A • The Method of Action of nsdiutn. Oxford Afedical Pub- 
lications. 1035 

• Martland, If. S.: Am. Jour. Cane , 16, 2-135, 1931. 
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radium and the length of time of the exposure. Differential dosage 
of the different rays is obtained by the use of filters. In general, 
platinum gives increased filtration of beta- and soft gamma-rays, 
plaques with wax fronts, permit more of the beta-rays to come 
through, and radon seeds give high quantities of alpha-rays. 

All exposures to radium, except in those subjected to it for thera- 
peutic purposes, and handlers of the needles and tubes, mean con- 
tact with all of the rays of radium in their natural strength and 
proportion. The unfortunate experience in the luminous watcli- 
dial industry have added much to the knoA\ ledge of chronic radium 
poisoning. For detailed accounts of these poisonings and the studies 
resulting from them, the reader is referred to the following original 
sources: 11. S. Martland, Occupational Poisoning in the Jlanufac- 
ture of Luminous Dial Watches, Journal of the American Medical 
Association, 92, 466-^73, February 9, 1929; pp. 552-559, Febru- 
ary IG, 1929; a summarx of the results of an investigation on the 
subject of the Office of the Surgeon General, United States Public 
Health Service, by James P. Leake, Journal of the American Medical 
Association, 98, 1077-1079, March 20, 1932; and II. S. Martland, 
American Journal of Cancer, 16, 2435-2516, 1931. 

In these poisonings it has been demonstrated that the radium 
entered by way of the mouth and gastro-intestinal tract. Although 
all emanations were found present in the dust and atmosphere of 
the work-rooms they were ineffectual in this form in producing 
physiologic effects. 

Ingested radium, on the other hand, permits the absorption of 
active radiant matter and its deposit in the osseous skeleton, where 
it is bound through its affinity for calcium, and in the reticulo- 
endothelium. Each atom of stored radium acts as a constant 
source of alpha-, beta- and gamma-rays whicli bombard the blood- 
forming organs and osseous tissues. The primary effects are there- 
fore osteitis and anemia. 

Mainland’s (1931) conclusions warrant quotation, for they sum 
up the present conception of the picture of radium poisoning due 
to the action of radium deposited in the body tissues, xvhether this 
results /font its ingestion, inhalation or intravenous injection: “In a 
radio-active dial-painter who has, for example, 10 micrograms of 
radio-active substances deposited as Insoluble sulphates in the entire 
skeleton, there are constantly being ejected about 370,000 space- 
occupying alpha particles a second. The tremendously disruptive 
effect of ionization produced by this bombardment causes atomic 
and molecular disintegration. In time, a hj’perplastic, red marrow' 
results due to compensatory stimulation. Such a marrow is char- 
acterized by a packing of the marrow spaces with primitive stem 
cells, w’hich I have inteipreted as promyelocytes, proerj'throblasts 
and hemocytoblasts. 

“The ability to form ceHs of the granulocytic series, with the 
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exception of tlie eoMiiophil myelocyte, is lost. As these cells are 
eliicfly cxtnivasculur in location, very few immature cells escape 
into the circulating hlood; hence the leukopenia uith a tendency 
to^\nrd an ngranuloc\tie blood picture. 

“Tlic power to form red cells is retained, hut greatly reduced 
and reverts to an cmhrj onal, megaloblastic type of prcxluctlon. As 
the formation of tlio red cells is chiefly intravascular, many immature 
cells are washed into the blcKict stream, especially macrocytes. 
Hence the resemblance of the blwxl picture to Addisonian anemia. 
This hyperplastic, irritatii'c, cinl>ryonal marrow, I have designated 
as tlie first stage of radiation osteitis. 

‘‘The process now subsides in patcliy areas over the skeleton. A 
wry cellular replacement fibrosis, of an intense inflammatory char- 
acter develops with mimeroiis ccteinopliil myelocytes, lymphocytes 
ami plasma cells. Many of the fibroblasts show mitotic figures and 
hypcrehroinatism, and these areas can be distinguished from sar- 
coma only with grc'at difficulty. It is in these areas tliat sarcoma 
arises. On account of their wide distribution over the skeleton it 
U cosily seen how irmltiple primary sarcomas may occur in the 
same indnidual. I have called thb the second stage of radiation 
Osteitis. 

“ In tlie final stage of the process of radiation osteitis the marrow 
is entirely rcjrlac'eil by an old non-ccHular fibroblastic lissne. The 
bones become soft, partially decalcified, and deforming lesions 
occur." 

The tolerance to ra<li»m within the body tissues is generally 
placed at 10 micrograms tbrougbout tbc entire skeleton. Martland 
(1931) takes exception (o tins Iiigli figure on the basis of lack of 
knowledge regarding the possible effects of lesser amounts in pro- 
ducing other types of malignancy. lie thinks that even 0.5 micro- 
grams (as found in some of bis cases studietl) is dangerous and 
even much less may be harmful. 

It is common practice to inject radio-active substances iiitr.i- 
xenoiidy for treatment of IlmlgUn’s disea'^e and leukemia aud in 
performing certain physiologic studies. The warning is given by 
many authorities that this practice may not be without danger, 
e.specially when mesotlioriiim is ustxl. 

Because of the presence of large amounts of radio-active ores in 
pitcliblende and cohalt mines, it has been conjectured tliat this 
may have a hearing on the incidence of primary carcinora.a of the 
lungs in the workers at tlie Schneeberg and Joacliimthal mines. 

The deliberate ingestion of radio-active substances is found in 
the consumjition of allcgwlly liendieial radiant waters. Many 
mineral waters claiming to be radio-active actually’ are so. The 
radio-active content may be soluble salts of radium or radon gas 
(radium emanation). Both can occur in natural waters, although 
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radon is the more common. Soluble salts of radium or thorium are 
on the market, and are dispensed in vial form (2-ounce bottles, each 
containing 2 micrograms of radio-active substance) to be added to 
ordinarj' drinking water. At least 1 death has been reported' from 
drinking such fortified water. The patient had consumed 14()0 
bottles of radiant salt (said to be “Raditlior”) over a period of five 
years. Examination of all tissues at necropsy revealed 73.GG micro- 
grams of radium in the total body. 

Radon spring water is relatively harmless compared to mineral 
vaters containing radium. This is because the emanation is highly 
unstable when brought into the air, and prohibitive amounts would 
have to be taken to approach the quantitj' of radium consumed in 
radium waters. Martland (1931) is still not sure that even radium 
emanation handled and ingeste<I as such is harmless, and Reiterates 
that it is his opinion that the nonnal radio-activity of the human 
body should not be increased. 

■ GetUer, K. 0 , and Norns. C Jour Am. Med Assn.. 100. 400, lOJJ 



ClIAn'EH XXXVlll. 


THE DEFENSE AGAINST ELECTIIIC AND ELECTJ{ONIC 
FORCES. 

The human body, like any other conductor, can act as h wore 
favorable medium than air for the passage of the current of a light- 
ning discharge from the cloud to the ground. If any precaution 
can be taken against lightning stroke it can be best expressed by 
two general statements: “(I) Place yourself in such a position that 
jour body will be a less favorable conductor than objects around 
you: (2) if you are near another <-onductor keep at a distance of 
at least a few feet from it.” Tlie reason for the first is self-explana- 
tory. The second precaution rests on the fact that if the body is 
in contact with or close to anotber conductor wliich Is struck, some 
of the charge will accumulate on the laxly and the repulsion of the 
two charges will tlirow the bodj away from the conductor forcibly 
enough to inlllet injuries in addition to tiiosc which might result 
from the electric shock Itself. PractienlJy it is unwise to cross a 
wide open space sucli as a 6eld during an electric storm. Tlie body 
isr then the only conductor extending above the level of the ground. 

Tliere is probably little, if any, truth in the danger ascribed to 
sitting in draughts or holding scissors and other metal objects in 
the hands on the basis that they attract lightning. On the other 
hand, luctal objects on the body will tend to increase the damage 
from heat burns if the Ixxly is stnick. 

The danger from lightning while in swimming is the same as in 
crossing an open field. Iliis is especially tnie if the feet are resting 
on the bottom at the time. 

Under most conditions then it is liest during a thunder storm 
to seek shelter near a tree, shetl, house, or other conductor, but at 
the same lime remain some 5 or 6 feet from it and not to rest against 
any small supports or hold any lar^ metaUie articles iu the h.sncl. 

Artificial electric currents from small batteries and dynamos are 
seldom dangerous, but may produ<% frightening shocks and mild 
burns if sparking occurs. No one unfamiliar with the fundamentals 
of electric currents and principles of insulation should be free with 
their handling of storage batteries and dynamos such as are usetl 
for small lighting circuits. Manufacturers have seen to it in most 
instances that the most dangerous parts of such installations are 
( 384 ) 
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covered and that all switdies and contacts are insulated as far as 
practicable. Children especially should be warned to keep away 
from such apparatus. All house cturents must be considered poten- 
tially dangerous, if not lethal. Deatlis have occurred from even 
less than the customary 110 volt alternating circuit for reasons 
stated in the previous section. This applies not only to the lighting 
circuit but to all appliances operating on and carrying that circuit. 

The danger becomes manifest whenever the current is short- 
circuited, and this may occur under a great variety of conditions. 
The short-circuit discharge is usually momentary because protective 
fuses are placed in the circuit which automatically disrupt it when 
the short-circuit occurs. Nevertheless, a full charge through the 
body at the right physiologic moment has produced death. 

Short circuits may result from faulty wall-plugs (wall sockets, 
outlets, etc.), metal objects inserted into empty sockets (babies 
and children do this) contact with a water faucet or toilet chain 
with one hand while turning out a light with the other, turning the 
light on or off with wet hands, contact with open wires in faultily 
constructed or worn electric household appliances, defective electric 
warming pads or wet ones, home light-therapy machines, worn 
insulations or wiring circuits in walls, lighting fixtures, etc., and far 
too commonly from ine.xperienced handling In the installation and 
repair of house wiring and electric appliances without the simple 
precaution of first throwing the switch at the circuit control box. 
Children can be taught the simple precaution necessary to prevent 
such accidents, and adults should have high respect for the dangers 
of short-circuits. 

Under general measures come stich precautionary'’ regulations as 
control over the materials and construction of appliances sold for 
household use, electrical inspection of all new installations, and 
prohibition of extending house circuits without permission from the 
authorities, and the employment of qualified electricians. 

Outside of the home, civilians may become exposed to high-tension 
circuits on the carrying lines of light and power systems. Although 
all such lines are effectively insulated at their points of support 
and are ocdinari}y oat of reach of passers-hy, trespassers and work- 
men may come in contact with them while on roofs, in trees, or 
ladders, etc., and, in the case of third-rail street-car and subway 
systems, if they happen to short-circuit the third rail. Under 
exceptional conditions the circuit may be brought to the ground 
by some object in contact udth the open conductor, and produce 
shock in any one touching that object. A wet tree branch may act 
in this way and even the stream of water from a hose turned on a 
high tension uire has produced serious results to the person holding 
the metal nozzle of the hose. The most serious accidents usually 
result from hanging, overhead wires. 

25 
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The prevention of such acddcnts resolves itself into awareness 
on the part of the public, and precautionary measures by the 
responsible authorities. All open high-tension circuits should l)c 
conspicuously labeled and warnings posted on the supports of the 
transmission lines. Trespassing should be forbidden on the rights 
of way around such towers or cross-country lines and on the entire 
way of third-rail systems. In each instance the circuit should he 
protected as far as practicable from contact by trespassers who 
ignore the warnings. 

Regular inspection of all power and light liiie.s must he continu- 
ously carried out by responsible owners and controlling nutboritics. 
All lines should be free from damage or contact by overhanging 
branches of trees and wires or other sy-stems which might cross over 
them. Fire and police authorities should issue ndeejuate instructions 
for the control of all circuits in the case of emergencies. 

A second party maybe sc\ercl3'and fatally shockcfl in attempting 
to rescue a person who is in contact with an open circuit. Preven- 
tion of sucji secondary shocks is a matter of knowing the principles 
of Insulation. The reader Is referred to informative sources on 
first-aid for a more detailed account of what to do in sucIj an emer- 
gency. Here It is only ncccssarj* to saj that the hare Jinnds or any 
other part of the bo<ly are good conductors, and the rescuer must 
therefore use some poor conductor to pul! the shocked person away 
from the current or the carrier of the current away from the victim. 

WiatcNcr is used It shouki be dr>'. A pole, stick, branch of u 
tree, or cane (not an umbrella) can be use<l either to pry the person 
loose or push a banging wire away from the patient. If this cannot 
be done, the bands may be wrapped with several lajers of thick 
cloth such as a coat, and then the patient or contact maneuvered 
with the cox'ered hands. 

Industrial electrical shocks are preventable bj- the application on 
a larger scale and under more controlled conditions of the measures 
already oiitline<I. In addition, there is the moral and economic 
necessity for more emphasis on prevention brought about hj’ the 
Workmen’s Compensation Act and Liabilitv Insurance measures. 

In the preceding section it was shown that exposure to alpha- 
and beta-raj’s of radium occtirred among handlers of the radio-active 
elements, users of luminous paint and the use of radkint waters and 
radon emanators in actino-hydrotherapv The serious damage pro- 
duced in those handling radio-active elements for tlierapeutic and 
investigative purposes early drew world-wide attention to the need 
for awareness of the danger and the promulgation of minimal pre- 
cautionary’ measures against it. Although individual WTiters had 
stressed certain advisable measures, it remained for international 
cooperative effort to formulate standard recommendations. The 
latest revision of these recommendations was accomplished by the 
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International A'-ray and Iladium Protection Commission of 
Zurich, July, 1934.* 

The portions of these recommendations which are pertinent to 
protection against radium are pven below: 

I. Woukikg Hours, etc. 

(c) Not less than four weeks Iioliday (for radium workers) a 
year, preferably consecutively’. 

(dj Wliole-time workers in hospital a’-ray and radium depart- 
ments should not be calletl upon for other hospital service. 

(c) A’-ray workers, and particularly radium workers, should be 
systematically submitted, both on entry' and subsequently at least 
twice a year, to expert medical, general and blood examinations. 

VI. R.4DIU1I Protective Recommend vtio.vs. 

(A) Radium Salts. 

30. Protection for radium workers is required from the effects of: 
(a) Beta-rays upon the hands. 

(&) Gamma-rays upon the internal organs, vascular and re- 
productive systems. 

31. In order to protect the hands from beta-rays, reliance should 
be placed, in the first place, on distance. The radium should be 
manipulated with long-handled forceps, and should be carried from 
place to place in long-liandled boxes, lined on all sides with at least 
1 cm. of lead. All manipulations should be carrlecl out as rapidly 
as possible. 

32. Radium, when not in use, should be stored in a safe as dis- 
tant as possible from the personnel. It is recommended that the 
safe should be provided with separate draw-ers individually pro- 
tected. The amount of protection should correspond to the values 
given in the following table; these values, which are based on work- 
ing conditions where there is proximity to radium, may be reduced 
for larger working distances. 


raiktixs 

0 05 . . 

0 2 

0 6 . . 

1 0 
2 0 
5 0 

10 0 




5 0 
S 5 
10 0 
11.5 
13 0 
15 0 
17 0 


33. A separate room should be proiided for the “make-up” of 
screened tubes and applicators, and should only be occupied during 
such work. 


Reprinted in Radiology, 23. 682, 1931. 
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(B) Rndon. 

39. In the manipulation of rndon, protection against the beta- 
nnd gamma-rays has likewise to be provided, and automatic or 
remote controls are desirable. 

40. The handling of radon should be carried out as far as possible, 
during its relatively inactive state. 

41. Precautions should he tahen against excessive gas pressures 
in radon plants. The escape of radon should be very carefully 
guarded against, and the room in which it is prepared should be 
provided with an exhaust fan controlled from the outside of the 
room. 

42. Wiere radon is likely to come in direct contact with the 
fingers, thin rubber gloves should be worn to avoid eontamination 
of the hands with active deposit. Otherwise, the protective measures 
for radium salts should l)C canricjl out- 

43. The pumping room should preferably be contained in a sep- 
arate building. Tljc room should be provided with a connecting 
tube from the spcci.al room in which the radium is storeel in solution. 
The radium In solution should be heavily screened to protect people 
working in adjacent rooms. This is preferably done by placing the 
radium solution in a leati-lined l)ox% the thickness of lead recom- 
mended being according to the table in Paragraph 32. 

Except for cases originating from the use of natural or artificial 
radiant waters chronic radium poisoning is essentially nn industrial 
problem. 

The prevention of pousonlng from radiant waters may he summed 
up in the statement that the sale to the public of radon emanators 
and radium salts for a<ldition to water should be prohibited by law. 

In the case of natural radiant spring waters control should be 
exerted over their use by the medical profession ^vhenever prac- 
ticable and by constitutc«l health authorities. People using such 
waters at public or private spas should <lo so only under competent 
medical supervision. The public sale of natural radio-active salt 
waters should be proliibited. 

Employees and attendants at spas and radio-active “cure” insti- 
tutions should be examined frequently for anemia, bone changes 
and their general physical condition. 

WTien the industrial hazards to luminous paint workers became 
evident by the appearance of patients with chronic radium poisoning 
in the watch industry, the United States Public Health Service and 
cooperating agencies made a thorough sur\ey of the problem. 
Among the reports issuing from this investigation published under 
the general title, “Health Aspects of Radium Dial Painting,”* 

» Schwort*. L. tt at.- Heilth Aspects of Rsdiuin Dial Psmtmg: I. Scope anti 
Findings. Jour Indust Byg . IS. 3G2, 1933 
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were recommen{lations for the control of this industrial hazard. 
They are herewith given in full: 

Sufgestioiis for Minimiring Hazard of Radium Dial Painting.— With 
the abolition of the practice of pointing the brush in the mouth, pre- 
vention of radium poisoning depends primarily on extreme cleanli- 
ness in the factor}' (i. e., good housekeeping), thorough personal 
cleanliness of tlie workers, and adequate ventilation, both general 
and local. Specific suggestions along these lines follow: 

1. Rigid and continuous inspection ofiall processes involving the 
use of radium is advisable. Tiius inspectors should be supervised 
by a qualified officer responsible directly to the management of the 
plant. 

2. Painting by hand should be done by a method which will 
eliminate the contamination of the mouth and fingers with radium. 
The practice noted in several plants was to use glass stj'luses, or pens. 

3. Styluses or pens should be wiped only on cloths (or other 
suitable material) kept moist with a solvent. One good practice 
noted was that of using a rubber sponge kept moist with a solvent 
held in a small container. 

4. Racks should be provided so that pens, styluses and stirring 
rods may be held securely and so that contamination of the work- 
place with paint from thb source may be prevented. 

5. Paint containers should not be over i inch deep and should 
be so place<l in a holder that retaining them in the hand is un- 
necessarj*. 

6. Dry paint should be mixed with the liquid ingredient in a 
hood with openings for the hands only and provided with suitable 
exhaust ventilation to prevent escape of dust or emanation into 
the workroom atmosphere. Not more than a day’s supply of paint 
should be mixed at one time, and it sliould be kept covered in a 
container lined with lead at least 1 inch thick. 

7. In order to avoid any accumulation of radio-active materials 
in the workroom, it is suggested that mixed paint and materials be 
given out to the workers in quantities to last for short periods (pref- 
erably not longer than one hour), all materials and empty containers 
to be returned at the end of each period. 

8. All materials should be cleaned moist, and discarded materials 
should be promptly removed from the workroom. The contents of 
all refuse cans should be removed daily. 

9. Moist method.s only should be used for removing paint from 
surfaces and in recovering radio-active materials from old or rejectetl 
stock. Cloths usetl for this piupose shovild be replaced by fresh 
ones twice daily. Material collected for radium recovery should be 
segregated under lead protection and kept in a closed container. 

10. Radium material should be storecl in containers shielded by 
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lend and kept as di-stant Jis possible from the \\orkcr&. TIic lead 
sliould be at least 1 iiieli thick. 

11. Tile room or rooms in which radium paliitliiff processes are 
carried out should be separate from those used for other purposes. 

12. Thefloor and work plac« .should be constructed so that they 
may be tlioroughly and readily cleaned by a moist method. Tliey 
should be cleaned daily after work liours. Pipes, window sills, and 
all .surfaces upon which dust can accumulate should be cleaned 
weekly by moist methods. . W<M>den floors should be covered witli 
some material which will prevent dust from accumulating in the 
floor crevices. Work tables or working surfaces should bo of some 
polished, easily cleaned material siicb as enamel. 

13. Ample space should be allowe<I for each worker. 

14. Illumination should be a<lequate and free from glare, with at 
least 10 foot-candles on the working plane. 

15. Drinking water should be provide<l by bubbling fountaitis 
of the approved slanting jet t>T>c. Hie use of individual drinking 
cups of any character should not be permitted. 

10. Convenient w orking facilities should be provided with arrange- 
ment for mixing hot and cold water In the faucet. At least one faucet 
should be available for each 5 workers. Paper towels and nail 
brushes should be provided In the cinplojer. 

17. Only neat, careful persons shoukl Sue employed for radium 
work. 

18. Workers should be provid<*<l with clean smocks at regular 
intervals. 

19. Workers should keep their hands and workplaces scrupu- 
lously clean at all times, and foremen should see that this rv\le is 
rigidly enforced. 

20. Eating during working liours and the presence of eating uten- 
sils or articles of food in the workroom should be prohibited. 

21. 'I'he workers should wash their hands thoroughly and clean 
their finger nails before eating at noon, nn<l after work at the close 
of the day. This washing should be done under supervision to see 
tliat the regulation is properly tarrieil out. 

22. Adequate general ventilation should be provided (15 to 20 
air clianges per hour}. Where the concentration of radium dust is 
high, additional ventilation of a local exhaust type should be 
installed as retoramended or snggestefl in G, 23, 24, and 25. 

23. Painting by band should be done beneath a sheet of plate 
glass, having a plano-convex lens at least 3 inches in diameter 
cemented to its lower surface. This glass should be large enough 
to cover all the radio-active material. The lens should be of sucli 
a focus that tlie face of the worker is not less than 14 inches from the 
work. It is suggested that, if possible, local exhaust ventilation 
should be provided beneath the glass. 
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24. Any one wiio weighs, mixes or distributes radio-active mate- 
rial should be protected from radiation by suitable lead screen 
and from radio-active dust by ventilated hoods. 

25. Inspectors of radium-painted stock should conduct their 
work at open-front cabinets provided with exhaust ventilation of 
sufficient quantity to secure an air movement of 100 to 200 linear 
feet per minute at the face rrf the cabinet and in a direction toward 
the back of the cabinet. 

20. Because of the high dust concentration, dusting and transfer 
press work as observe<l <luring the investigation should be abandoned 
or adequately safeguarded. 

27. To test the effective enforcement of precautionary measures, 
periodic examinations, at least annually, including electroscopictests 
(gamma-ray and radon), blood examinations, ar-rays of the maxilla 
and mandible, and tests of the radio-acti\'ity of dust in the work- 
room air are advised. The results of these examinations should be 
communicated to the emploxees. 

28. A statement of the precautions to be taken by tlie worker 
for the prevention of radium poisoning should be posted in each 
Ts orkroom. All applicants for work should be advised of the hazard 
and instructed in the obscrxance of necessary precautions. 



CHAPTER XXXIX. 


CATEGORY THE PROCESSES AND EFFECTS OF 
im’ADING ORGANISMS. 

Living organisms enter the tissues of the human host througli tlieir 
own activity or by passive introfluction, and having entered, bring 
about harmful results through the vital activities of their particular 
life processes. These organisms are ordinarily called parasites, a 
term difficult to define because of the connotations generally asso- 
ciated with it, many of which are not essential or even constant. In 
its broadest sense a parasite is any living organism w'bich subsists 
at the expense of another. All living organisms which can live on 
or in the tissues of man and obtain from hiiu some substance tvhich 
is useful to their own vital processes may be looked upon as human 
parasites. The intimacy of the relationship, the mutual benefit or 
harm between the organisms involved and the length of time during 
which they are associated may therefore be left out of the definition. 
Such factors only further qualify parasitism and form the basis for 
the different tj^ies and degrees. 

Since this work deals with the etiologic factors of disease, con- 
sideration will be given only to those parasites of man which arc 
capable of doing harm; i. e., to the pathogenic organisms. 

Every organism which has invad^ the tissues of man has come 
from his environment. This is true whether the event occurred 
prenatally, at the moment of conception, or at any time in the 
subsequent history' of the individual. Etiologically, all parasites 
are external factors of disease and their existence in tbe environment 
antedates any role which they may play in the pathogenesis of dis- 
ease. That they may exist in the human host for many years 
without producing evidence of harm and then, for some reason, 
reveal patliogenic qualities, does not lessen the argument that their 
original source was in the external environment of the host. 

Tlie criteria on W’bich parasitic agents are placed in a definite 
category of causative factors are therefore two in number: (1) They 
are living agents which produce disease by virtue of the effects of 
their owm life processes; (2) they originate in the external environ- 
ment and affect man by invading his tissues. 

By these criteria the category must include all living pathogenic 
organisms. A list of them would contain tlie names of all vegetable 
and animal organisms which can ins'ade and do harm; it would 
( 392 ) 
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include all ecto- and endo-parasites whlcli are pathogenic or poten- 
tially so; it would contain all pathogenic parasites of whatever size, 
whether unicellular or multicellular, microscopic or ultramicro- 
scopic, filterable or non-filterable; it would make no distinction 
between symbionts and non-symbionts, commensals, obligates and 
facultatives other than as these terms are applied to particular 
parasites and the qualifications which they express. 

It is beyond the scope of this work to enter into a detailed dis- ’ 
cussion of the genetic relationship between the organisms which 
are parasitic on man, or to review the evidence pointing toward 
the phenomenon of adaptation as applied to successful and non- 
successful parasitism of the human by sub-human organisms. 
Although some of these aspects must be brought out later, it must 
suffice to remark at this point that genetic relationships undoubtedly 
exist between the majority of tlie biologic groups, and that this 
relationship has an important bearing on relative pathogenicity. 
That this is largely a question of adaptation from the evolutionary 
point of view can hardly be doubted, although the time and circum- 
stances under which this occurred has not yet been disclosed with 
positive assurance in even a single instance. Nor can pathogenicity 
and non-pathogenicity be accepted as absolute. Increasing knowl- 
edge of variant forms of organisms and possibly also the evidence 
that different humans show fluctuating and inconstant susceptibility 
to culturally, morphologically and serologically similar organisms 
may mean that old forms of parasites may be losing their patho- 
genicity or non-pathogenic forms are becoming pathogenic, or on 
the side of the host that factors are at work which are changing the 
ability of the host to act as a means of supporting life or contrib- 
uting to the welfare of the parasite. 

The point of greatest significance in the concept of parasitism is 
the fact that the host-parasite relationship is not a struggle in the 
teleological sense, as is so often implied, but an adaptation, more or 
less complete, between two organisms which are accidentally brought 
together in variable degrees of association. This statement will be 
challenged by those who adhere to purpose as their basic concept 
and by olbers who dainn ibal the necessity for certain forms of 
human parasitism has resulted from a prolonged give and take 
adaptation between host and parasites which has made their rela- 
tionship contributory to human survival. 

This is of piore than academic interest, for much of the effort of 
medical science is to rid the human of many of its parasites. On 
the assumption that some parasitism may be iisefiil for individual 
survival it would therefore become questionable how far science 
should go in this purifying process. The author is of the opinion 
that science can hardly go too far in this respect, since to date it 
has been dealing almost entirely with survival of the individual and 
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not of the race. Tlicrc u{>}K‘ars to l»c no evidence tliut tlie luininn 
race depends for its snrvh'ol on the support of any parasite.^ 

Pathogenie potential parasites livdng in man’s external environ- 
ment are found under widely varying conditions and circumstances 
of their own environment which determine their survival or death, 
favor their growth and multiplication, limit them ns imlividuals or 
groups, influence their potentiality for harm in the direction of 
increased or decreased patliogcnidty should they become parasites, 
and alter their nceessibllity to and invasibility of the tissues of the 
human host. They are the proilucts of their environment and sub- 
ject to it and can do not other than respond in the direction that 
the ensiromnent nei^'-ssitates. This environment can be deliber- 
ately altered by man to the proven disadvantage of the organisms. 

K.W’ept for a possible few organisms ivliich hare become completely 
parasitized in man, the parasite's existence in the external environ- 
ment is extremely hazardous. Phj'sical and chemical changes in the 
environment and the vicbsitudes of their association with other 
living organisms makes survival In their extra-human state a highly 
•louhtful jirobabilitj unless tbcir lot happens to fall in very favorable 
circumstances. 

Epidemiology is largely concerned with these favorable and 
unfavorable circumstances, for survival of organisms in their pas- 
sage from one huinart iiost to another is a sine qua non of Infection 
and Infestation. For this reason Preventive Medicine interests 
itself largely in the p.irasitic disease agents as they are in passage 
from man to man and the chain of circumstances wliich favor their 
survival or operate against them. 

Althougli tlie sciences of bacteriologj’, jjarasitology and epidemi- 
ology must ultimately concern themselves with the details of the 
individual pathogens, Preventive Me<licine in it,s broadest scope 
^ill deal largely with the basic generalizations that govern the 
behavior of parasites as a whole. Since the main generalization in 
prevention is based on the postulate “to oppose or intercept a cause 
is to prevent or dissipate its effects,” it becomes important to review 
first the loci of parasitic agents in their e.xtra-human existence, 
tiien to examine the factors influencing survival, and lastly to inves- 
tigate the manner in which they gain access to and invade the 
human host to produce disease. Within the last will be included 
the mechanisms of ilcfense on the part of the host. 

A list is given below’ of the pathogenic parasites of man. Under 
eacli organism will be a short descriptive account of everj known 

• Aside from this argument, thp idea that the parasites, especially the bacteria, 
■'attack” US has become obsolete In only few instances where predatory organisms 
obtain some degree of benefit from the human (issues can the concept of an attack 
be mamtamed, but even this must he shorn of its Ideologic implications Mosquitoes 
ma> appear to attack us to obtain human Mood, tmt they are only hungry for blood 
and not “bloodthirsty." 
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locus of the parasite in its entire life history. In several iiista'nces a 
parasite will be found to harbor another human parasite in some 
stage of its life. This double role will necessitate its discussion 
under two headings, one as a primary parasite and another as a 
locus of the second parasite. The list has been divided into bio- 
logic groups as suggested bj’ Gay* and arranged alphabetically 
within each group. 

PATHOGENIC PARASITES OF MAN. 

Bacteria. 

Bacillus anthracis,— In animals with anthrax; mostly grazing animals. 
Soil, grasses, dirt and dust. (Pastures ma}' remain infecteil with spores 
which have sunnved for as long as twentj’- 3 ears.) Products of infected 
animals — liides, fur, hair, wool, blood, and discharges from anthrax lesions 
of animals and man. Blood-sucking insects. 

Bartonella baeilltformis.~ltt blood .and l^tons of oroyn fever and verruga 
peruana. Possibly m sandfly, PMebotomus icrrucarum. 

Brucella abortus —In infectious abortion of cattle and liogs. Var. boiine 
(cattle) : Organism in vaginal discharge, placenta, fetus, and feiv in urine, 
feces and imlk. Dairy products— milk, cream, butter, uncooked cow’s 
meat. Man— blood, contaminated hands Var. porcine (hog) : Organism 
in vaginal discharge, placenta, fetus, unne and feces. Lottie known ns to 
its presence in other tissues. Uncooked meat(?) Hog carcasses— flesh, 
hide. Man— blood, contaminated hands. 

Brucella melitensis —Infected goats— blood, milk, urme (even m appar- 
ently healthy goats) , widespread m tissues. Raw dairy products. Man- 
blood, contaminated hands. 

Clostridium htstolyticum.—Soil Possibly m gastro-intestmal canal of 
man and animals. Gas gangrene lesions in man. 

Clostridium nocyf.- Sod. Poorly cooked and preserved meats (sausage). 
Feces of animals. Refuse from manufacture of animal meat products. 
Gas gangrene lesions m man. 

Clostridium cedematis’mahgni. — Soil. (Has been demonstrated in virgin 
soil.) Contaminated vegetables and frmt. Intestinal tract of man and 
animals (may possibly adapt itself to intra-intestmsl li/e). Feces. Malig- 
nant edema infections in man. 

Clostridium tetani. — Soil. (Especially when cultivated. Has been found 
in virgin soil.) In intestinal tract of animals and man (especially horses 
and cattle). Feces. Street dirt and contaminated articles such as boards, 
wire fences, splinters, nails, rocks and gravel, etc. Contaminated catgut, 
vaccines, dressings, umbilical ties. Contaminated vegetables and fruit 
In infected wounds in man. May be present in the mouth around, the 
teeth. 

Clostridium trefcAit.— Soil, water, milk, dust and sewage. Intestinal 
canal of man and animals. Feces of practically all liigher anunals. Ubiqui- 
tous contaminant of articles of common use. 

Corynebactenum dipAIAerur.— In normal bacterial flora of skin and 
mucous membranes of many anmial species, including man. Human 
carriers and latent and active infections in man— nose and throat, skin 
wounds, vaginal mucous membrane. Droplets in expired air. Questionable 
pepistence on contaminated inanimate objects after the contagium has 
dried. Virulence of animal tyiies to man questioned. 

I Gay.F.P,’ AgentsofDiseascandHoatRcsistance.Baltlniore.C Thomas, 1035. 
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Diplococcus pneuinonue.— Common in normal nasopliaryngeal flora of 
man. Droi)lct8 la expired uir. Droplet nuclei in room dust. 

Eberlhclla /yp/ii.— Human cann of t^'idioid fever and carriers— feces, 
urine, bile, contaminated skin. Contaminated clutliing, bed-clotlies, dress- 
ings and utensils. Water— driakinR-water.lKitli-watcr, ^^a.s!l-watcr, wells, 
cisterns, springs, streams, rivers, bkes and |)ouds. Soil contaminate with 
urine and fecca of human cases and carriers. Contaminated foods— milk, 
vegetables (especially uncooked, lc.afy vegetables and sea-foods). Flies 
(passive carriers). Food handlers— contaminated fingers of carriers and 
sick-room attendants. 

Escherichia cofi.— Ti'pically an intestinal parasite of man and animals. 
Frequently pathogenic in other tissues. Feces. Urine occasionally. Soil. 
Contaminated water— drinking, bathing, and washing, household con- 
tainers, springs, streams, lakes, ponds and rivers. Contaminated skin, 
clothing, bedclothes, dryings. Hands— physicians, sick-room attendants, 
uncleanly generally. Flies, cockroaches and other v ennin (passiv'e carriers). 

Fuaiformia fuaiformia —Obligated parasite in human mouth. Human 
cases of Vincent’s angina. Teeth and gums. 

Ilemcphilua eonjuridivUidia . — Unknown outside of man — human con- 
junctiva (Koch-Weeks bacillus infection). 

Iletnophilua ducreyi.— Unknovvii outside of man— soft chancre. 

Ifemopkiluainfluemx — Xocvidcnceofitsdistributioninnatiirc. (There 
is no proof of any causal relatlonsliip between human influenza epidemics 
and episodtics of swine and ferrets ) Human— cases of influenza, carriers— 
in nose and tliroat. Expiratory droplets and droplet nuclei. 

7/emopAtfu4 faeunafue.— Unknown outside of man— conjunctiva (Morax- 
Axenfela infection). 

Hmophilua perfusjti.— Human cases of pertussis. (Associated with 
causative virus.) Expiratory droplets. Contaminated fomites in intimate 
relationship with cases. 

Kkbsieua jranufcwKifi*.— Unknown outside of man— human cases of 
granuloma inguinale: in inguinal lesions. (Probably a secondary invader 
and not the specific causative agent). 

Kkbaitlla oz^na.— Nose of ozena patients. Nasal mucus and saliva of 
dogs. (Not established as etiologic agent.) 

Klebaiella pneumonue (Friedlander).— In normal bacterial flora of res- 
piratory tract of 5 to 25 per cent of people. Expiratory droplets and droplet 
nuclei. Has been demonstrated in soil, air, dust, mud, and canal water. 

Klebsiella rhinosckromeUia —Questionable cause of rhinoscleroma in man. 
Has been found in man, carp, mice and guinea-pig. Doubtful iiatur.sl 
infection in rabbits. 

Loffflerdla maffri.— Equines— liorscs, mules, asses (farcy or lumpy jaw)- 
discharges from suppurative lesions. Demonstrated in cats and dogs. 
Human— suppurative lesions (glanders). Contaminated dressings, instru- 
ments, hands, clothing. 

Mycobacterium leprx.—Knov/a positively only in human— skm, open 
lesions, nose and thro-st, leces. Md— acid-Tast organisms not positively 
identified as viable, pathogemc human leprosy organisms. Contaminated 
dressings. Bedbugs and cockroaclies. Relationship of rat leprosy to 
human leprosy unknown. 

Mycobaderxum Merculoais var. hmninis — Man— lung lesions, sputum, 
skin, visceral lesions. Contaminated dressings. Feces, urine. Expiratorj" 
droplets in open ca-ses of respiratory system tuberculosis. Contaminateil 
drinking and eating utensils, iiandkercliiefs, and other intimate fomites. 
Droplet nuclei— street and house dust, soil. Foods— contamina^ milk, 
especially dairj’ jiroduets. Infected monkey, dogs, parrots and pigs. 



1‘ATJIOGEKIC PARASITES OF MAN 


397 


Mycobacterium tuberculosis var. bovis. — Infected udder of cows. Milk. 
Contaminated liands of milkers, cattle handlers, dairy workers. Human 
lesions. Human feces, urine and infectious discharges. Contaminated 
dressings, drinking and eating utensils. Natural infection in bovines, 
pigs, cats, monkeys, horses, rabbits and guinea-pigs. Infected meat foods. 

Neisseria gonorrhez. — Strict parasite of man. Human lesions— dis- 
charges from urethra, vagina, conjunctiv'a, open surface lesions, semen, 
urine. Contaminated dressings, clothing, towels, toilet seats, body surfaces 
(liands), utensils and other intunate fomites. 

Neisseria inlracellularis. — Strict parasite in nasopharjmx of man — cases 
of epidemic meningitis in man and human carriers. Infected expiratory 
droplets. 

Pasteurella pestvs.— Man — plague bubo, blood and sputum. Infected 
expiratory droplets. Human carriers. Rats (Ralius ratius, Ratius akxan- 
drinus, Ratius riorvcgicus), tarbagan {Arclomys boboc), ground squirrel 
(Spermaphilus seu Citellus beecheyi), sushks {Spermophilus rufescens), 
cavies, guinea-pig, gerbilles (GerbtUus lateronm). Camel and sheep reser- 
voirs questionable. Rat flea (Xcnopsylla cheopis, Ccralophyllus fasciatus), 
squirrel flea (Ceratophyllus aeutus), tarbagan flea {Ceratophyllus silanlmi), 
suslik or marmot flea (Ceralophyllus tesmorum), gerbille flea (Dinopsyllus 
lypusus), human flea {Pulex irrilans)^ Rodent burrows. 

Pasteurelta lidflrcfmj.— Natural diseases (endemic and enizoOtic) of 
squirrels and rabbits. Has been found in sheep, uoodchucic, muslrrat, 
opossum, grouse, water-rat (.Arvicola amphibius), coyote(?). Rabbit-tick 
{Hsemophysalis kporis^jialustris), wood-lick (Dermacentor ondersoni), dog- 
tick (Dermacentor tvruibilii), deer-fly (Chrysops discalis). Tissues of 
infected animals— meat, pelt, fur, blood. Man— surface lesions, expiratory 
droplets. Contamioatea dressings, hands of attendants. Laboratory 
cultures. 

Salmmdla «rlrj/cite.— Enteric infection and septicemia in calves, rodents 
and cattle. Improperly cooked and raw infected meat. Feces of infected 
animals and man. Blood of animals. 

Salmonella en<erffidi«.— Natural pathogen in cattle and rodents. Feces 
of infected animals and man. Healthy animal carriers. Feces of ammal 
carriers. Contaminated meat. Meat of infected animals. 

Salmonella paratyphi. — Man in enteric fever — feces. Human carriers— 
feces. Contaminated fingers, food, clothing, drinking water, cooking water. 

Salmonella psiUacojts.— Parrots. Man (secondary invader). 

ScdmoncUa 5cAo^touffer».—Human— cases of food poisoning, carriers — 
feces. Contaminated fingers, food, drinking and cooking water. 

Salmonella suipceh/fr.- Enteric disease in liog (secondary invader in 
hog-cholera), feces. Human— enteric feirir, feces. Contammated meats, 
infected meat. 

Salmonella typht-Tnurium.— Mice— septicemia, feces. Contaminated 
meats, milk and other food. Human intestine, feces. Contaminated hands. 
Drinking- and cooking-water. 

Shigella dysenteriz var. Flexner. — Human— intestinal tract, feces. Con- 
taminated food, drink, food handlers. Flies (pas.'sive carriers). 

Shigella dysenteriz var. Shiga-Kruse. — Human— intestinal tract of active 
cases of dysentery and carriers, feces. Contaminated food handlers. Con- 
taminated food and drinks. Flies. Dog and rabbit infections, feces Con- 
taminated clothing, bedclothing, dressings. 

Shigella dysenleriz var, Sonne (Du^).— Human— intestinal tract of 
active cases of dj’sentery and carriers; feces. Food handlers. Contam- 
inated food and drink. Flies. 
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Slapltijlococcvi albtis; S. <!««•««.— Nonnal flora on skin of man. Human 
fere'< Suppurating lesions. Air. Dust. Water. Widely disseminated on 
common articles. Contamiiiatcd cloUiing, dressings, towels, surgical 
instruinents, etc. 

Staphyloeoccus epiibrinieUa. — Xormal flora on skin of man. Human feces. 
Stitch abscesses. Containui.ate<l dressings and surgical instruments. 

Streptococcus cpidcmicMa.— Human— tliroat in cases of epidemic sore 
tliruat; licaltliy carricrsf?). Infected cxpirabiry droplets. Sputum. Con- 
taminated liatids Accidental mfection of coKv’s tiddcr. Milk. 

Slrcplococcua erj/sipc&iti*.— Human— ca«ea of erysipelas; tliroat, skin, 
intestines Contaminated hands, clotlung, dressings, toivcls, instruments 
and utcn-sils. Infected cxiiiratorj' droplets(T). S. crysipetatis var. pwer- 
pcralis in genital tract. Infectwl nounds. 

AVrcpfococcus v'ar. pjjrtgenca.— Natural s>uppumtive and septi- 

cemic conditions in animals and ni.an. Infected animal products. Milk. 
Ciint.sminatcd i>kin, hands, dnsoings, clothing, towels, instruments. Flics 
and vennin (passhc carriers). 

Streptococais ernr/ah’na.— Human— akin, throat, sputum of scarlet fc\cr 
caves, carriers Infected expuntory droplets. Cimtainiuatcd foinitc.s. 
Infected udder of co^\s. Milk. 

Streptococcus w>iV/n«a.— Human— nonnal flora of moutli, throat and 
intesUnes; sputum, feces. Infected expiratory droplets. Dust. Intestinal 
canal of animals. 

rt6rjo choleras (sp ).— Human-intestinal canal of cholera patients! ear- 
ners. Feces. Contaminated drinking and bathing water, ^rings, lakes, 
rii’cra, pools. Contaminateil vegetables ami cooking water. Contaminated 
clotlung, bedclothes, ilrcssings, sick-rooiu supplies and utensils. Haiuls of 
attendants and food handicn. Ilics and cockroaches. Relationship to 
free-living, saprophytic vibnos in bca w.'itcr. cheese, nver water, mtestincs 
of pigs not determined. 

Chkmydozoa-Stioiintoplaama. 

I With cell inclusions. Proxen transioivsible and filterable. 

Foot and Mouth Disease Vims.— Cattle, sheep, hogs, goats, buflalocs, 
reindeer, camels, guinea-pigs, rabbits. Teats, fcaliva, tears, nasal dLseharge 
of infected animals. Infecteil iiulk and dairy products. Contaminated 
hands. Human disease lesions 

Herpes Simplex Virus.— In Iuini.an lesions. Virus probably ubiquitous 
but not demonstrated outside man, 

MoUuscum Contagiosum Virus.— In human lesions Notknonn elac- 
wlicre. Suspected in public hathb. 

Papilloma of Larynx Virus.— In fmituia lesions. Unknown elsewhere. 

Psittacosis Virus.— Parrots, parrakcets, cockatoos, canaries— active dis- 
eased birds and carriers, secretions from nose, mouth and procrop; feces; 
infected expiratory droplets; droplet nuclei from feathers. Human— con- 
taminated liands; lesions in mter^ organs. 

Rabies Virus.— All mammals; dogs, wolf, fox, jackal, liyena, cat, cattle, 
sheep, goats, liorses, swine, bats— saliva, tears, urine of rabid animals. 
Milk from infected cattlcf?) Human lesions 

Raft Valley Fever Virus.— Hs^fues of ili-wisnl sheep Hands of contam- 
inated humans. 

Vaccinia Virus.— Infected epithelial cells, vesicles, and crusts in pox of 
cow, calf, buffalo, canliou, cmmI, gwat, Iwrse, sheep, hog, rabbit. Con- 
taminated skin of human contacts. Vaccines. Vaccination lesions. 
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Variola Virus. — Human smallpox cases — infected expiratory droplets, 
vesicles, scabs, crusts of skin, nasopharynReal secretions. Sick-room 
attendants. Clothes, bedclothes, intimate fomites. Flies and vermin 
(rarely). Dust. 

Verruca Vulgarus Virus. — Human lesions. Udder of infected cow (?). 

Yellow Fever Virus. — Human blood. Mosquitoes — Aedes legypli, Aedcs 
scapularis, Aedes Ueniorhijnekus (experimental). Jungle mosquitoes (So. 
America). 

II. Cell inclusions present— transmissible but fiUerability not proved. 

Varicella Virus.— Skin lesions of human chicken-pox cases (vesicle con- 
tents). Contaminated skin of human contacts. Intimate fomites, bed- 
clothes, clothing. 

Inclusion Blennorrhea Virus. — In lesions in human conjunctiva. Not 
known elsewhere. 

III. CeU inclusions present — not transmissible— fiUerability not estab- 
lished. 

Herpes Zoster Virus.— Questionable demonstration of inclusion bodies 
in human lesions. Nothing further known. 

Filterable Agents Without Cell Inclusions. 

Common Cold (Coryza) Virus.— Hunian nose and throat— nasopharyngeal 
secretions. Expiratory droplets. Contaminated hands, handkerchiefs, 
towels and intimate fomites. 

Dengue Fever Virus.— Blood of dengue fever cases. Mosquitoes— Aides 
sgypti, Aides albopictus, Culex quxnquefasctatus. 

Mumps (EpidemicParotitls) Virus.— Human cases- saliva, mouth wssli- 
ings. Infected expiratory droplets. Saliva-contaminated hands and articles 
of general, intimate use. 

Pappatacl Fever Virus.— Blood of pappataci fever cases. Sandfly or 
midge (Phlebalomus pappclasstt). 

Poliomyelitis (Epidemic) Virus.— Nasopharjmgeal secretions of cases of 
infantile paralysis; feces(?); blood(?). Carriers. Insects(?)— stable fly 
iSlomoxys calcitrans); house fly. Contaminated food and drink (milk)(?). 
Expiratory dropIets(?): droplet nuclei(^); dust(?). 

Diseases Presumably Due to Filterable Viruses. 

Epidemic Encephalitis.— Nasal secrclions m human cases(?). 

Epidemic Influenza.— Virus in saliva and throat of man(?). Droplet 
infection probable. 

German Measles (Rotheln).— Nothing known about causative agent. 

Measles (Rubeola, Morbilli).— Probably iii nasopharyngeal secretions and 
expired droplets. 

Multiple Sclerosis.— Nothing knowm about causative agent. 

Bickettsias. 

Dermacenlroxenus rickettsise. — Human blood and tissues in cases of 
Bocky Mountain spotted fever. Mammalian reservoirs— sheep, horse, dog, 
cattle, deer, elk, goat, bear, coyote, badger. Tick liosts— eggs, larva?, adults 
{Dermacenlor andersont, Dermacentor variabUut) transmit rickettsi® from 
generation to generation. Larvae and nymphs in soil, pastures, unculti- 
vated land. Small animal reservoirs — ground squirrel, woodchuck, chip- 
munk, rabbit, pine squirrel, mice, wood rat. 

Rickettsia nipponica. — Kedani mite (TVomWoila akamushi; Trombicula 
delhieims)— larv® on vole or water-rat, field mouse {Microtus Tnontebelloi), 
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birds(?). Virus transmitted from j^meration lo Rcneration of mite. Water- 
rat ana mouse rcservoirs(?). Lesions of Iiuman cases of Tsutsugamushi 
disease (Japanese river fever). 

Rickettsia proicnrcti.— BI om of typhua patients. Body and feces of body 
louse {Pedicuhis humanva) fed on blood of epidemic typhus cases. Body 
and feces of rat fleas fed on blood of endemic typfius cases. Skin of human 
contaminated by feces and cnisbed b^ies of t>(My Jice and rat fleas. 

Rkkeitsia juintnno.— Bfood, urine, feces and sputum of trench fever 
patients. Alimentary canal of body louse (Pedieulua humanua) fed on blood 
of trencli fever cases. Skin of liuinan contaminated by feces and crushed 
bodies of body lice. 

Spirochetes. 

Boircfia mvnua.— Natural discaae of ratj in infected mice, gvjinea-pig, 
cat, weasel, ferret, squirrel, bandicoot and pig— in thsucs of lip and ton^e. 
Blood and loc.al lesions of human cases of rat-bite fever. 

Borrclia Tecunentia, vara, duftont, nbej/i, carteri, fcraka. Blood of human 
cases of relapsing fever. Ticks {OmiOiodorxu movbata and OrniOwdorus 
talaje), East and West Africa— tissues and feces. Bedbug (Cimesleclularis). 
Europe— tissue.s and fcccs. Body louse (Pedieulua humanua), Europe and 
North Africa— tissues and fcccs. Tick (Sp.?), United States. Tran-smitted 
from generation to generation in the tick. Human skin contaminated by 
feces and crushed bodies of ticks and lice. 

Leploapira AcJdomadis.— Field mouse (Microiua monltheUai) reservoir- 
kidney and urine. Blood o! human cases of seven-day fever. Human skin 
contaminated by infected mouse urine. 

Leploapira icUrohgniorrhagica.— Wild rats and mice— urine. Human 
cases of Weil's disease— blood and urine. Infected imne-contnminated hoil, 
floors, sewers, trenches, mines, sliallow standing water. Human skin con- 
taminated by infected urine. 

Treponema palhdum.—Haman syphilis ca.ses— tissues, discharges from 
IcAiona, semen, blood, fetus and placenta. Contaminated tlolhes, areBsings, 
drinking and eating utensils, instruments, medical appliances, toOets, inti- 
mate personal articles. Contaminated Iiuman skin. 

Treponema pcrlcnuis.— Human ca'^cs of yaws (frambtesia)— discharges 
from sldn and mucous membrane lesions. Contaminated Iiuman skin. 
Fomites, clothing, dressings, bed-clothes Flies (passive vectors). 

Treponema rinccnh'.— Normal flora of human mouth. Abundant in 
mouth in Vincent’s angina and trench mouth. FomitcB— drinking and 
eating utensils, tootlibruriics. Possibly only a sccondar}' invader. 

Fungi. 

Acherrion Iiuman scalp in favus lesions ^IIcroi^porunl of birds. 

Achorion scAdn/einu.— Strictly human in favus of the scalp, skin, nails. 
Possibly similar to orrani«ins of mouse favus. 

Blaslomycea dermatilidia. — Hniuan blastomycosis of skin and lung. Simi- 
lar organism has been found in rotting wood in room Discharges from 
abscesses Dressings. 

Cocctdioidea tmmiVtj.— Human I^iona in lungs and skin. Discharges 
from absces-ses, ulcers and rinusca. Organiam has been isolated from sou 
in San Joachim Valley (Calif.). 

Cryptococcua hominus (see Torvla hialolutiai). 

Endodermophyton ccmcenfrvcuw.— Strictly buman in Tinea imbricata. 

Endadermophyton indicum . — Strictly bntnan strain in Tinea imbricata. 

Endodermophyton mawoni.— StricUy human strain in Tinea imbricata 
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ETidodermophyton tropkale. — Strictly human strain in Tinea imbricata. 

Endomyces capsulalus. — Known only in human lesions— sldn, meninges. 

Epidcrmophyton inguinale. — Known only in Tinea cruris, epidermophy- 
tosis of foot and eczema marginatum of groin in human. Contaminated 
clothing and toilet articles. 

Hormodendron fonfoymonti. — lOiown only in depigmented skin lesions 
in man. 

Hormodendron olivaceum. — Known only in achromia parasitoria in human 
skin. 

Hormodendron pedrosi. — Known only in chromoblastomycosis in human 
skin. 

Madurella americana (see M. myeeioma). 

Madurella mj/cetoma.— Black grains in human mycetoma. Discharge 
from lesions. Contaminated dressings. 

il/tcrosporon audoutnt.— In lesions of ringworm of the scalp in man. Con- 
taminated toilet articles and clothing. 

Microsporort /erruyinea.—In lesions of ringu'orm of the scalp in children. 

Microsporon flaveacens.—Yat. of ^V. atufoutnt in ringworm of the scalp 
in Brazil. 

Microaporon furfur —In human sldn lesions of PitjTiasis versicolor, Tinea 
fiava. Desquamated epithelium. Contaminated clothing. 

Microaporon iria.—Y&r. of M. audouini in ringworm of the scalp in Italy. 

Microaporon mtnufisjt'mum.— Known only in human ring'vorm lesions. 

Microaporon tardum — Var. of M audouini in human ringworm of the 
scalp. 

jutcrosporon um6on<dinn.— I\nown only in human ringworm lesions. 

ilft'crosporon cilloaum.—ln lesions of ringworm of scalp in Belgium. 

Microaporon lant/wdcs.— Knowm only in sycosis of the beard in the 
iiuman. Contaminated toilet articles; razors. 

Microaporum /uln/m.— Ringxvorm of human skin. Mice (Argentine). 

il/t<T 08 ^r«m lanojum.— Ringworm of human scalp and hair. Skin and 
hair of animals, especially dogs. Skin of birds. 

Monilia al6ican«.— Normal 0ora of skin and gastro-intestmal tract of 
man. Found in lesions in intertrigo, mouilial vaginitis, balanitis, conjunc- 
tivitis, meningitis, broncho-pulmonary moniliasis. Variety found normally 
in gastro-intestinal tract is the causative agent in thrush of the mouth. 
Contaminated feeding bottles and nipples. Intestinal tract in sprue. 

Phialophora I’crrucosa.— In lesions of skin of feet in human chroino- 
blastoraycosLs. 

Phinoapondium aeeberi.~lti human nasal polyp in the tropics. 

Scopulariopaia 6focAi.— Human gummatous lesions of lymphatics resem- 
bling sporotrichosis. 

SpoTotrichwn bcurmaiwvv ^s«e. S. tclvenckv). 

SpoTotrichum couTici'lmani.— Human case of suppurative arthritis. 

Sporolrichum gougeroti (see S. acheneki). 

Sporotrichum jcansrimci.— Human lesions in gummatous sporotrichosis. 

Sporolrichum acheneki var. S. beurmanni, S. gougeroti. — Known only in 
lymphangitic and disseminated lesions of sporotrichosis in man. Horse(?). 

Torvla hialohjtica {Cryolococcua kominia). — Known only in human lesions 
in torular meningitis and tonila infection of lungs. 

Trichophyton ocumtnatwm.— Strictly human endothrix ringworm lesions. 

Trichophyton album. — Human ectothrix ring^vo^n. Animal origin prob- 
able. 

Trichophyton circonvolulum. — Strictly human endothrix infection in the 
human in the Sudan and Dahomey. 

26 
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Trichophyton cocdn<um.— Strictly human ringworm of tlie skin and naiis. 

Trichophyton Human ectothrix ringworm. Horse. 

Trichophyton farinvlenlum.— Human ectothrix closely allied to T, mcnla- 
grophyks. Probably of animal origin. 

rrtc^pAy/oa/umahmj.— Strictly human rinR'Nomi of scalp in Italy. 

Trichophyton fclineum.—Uunan ectothrix nngworm. Cat, horse, cattle, 
sheep, dog, pig. 

Trichophyton prnnufMmn.— Human cctntl»rix ringAverm. Horse (Italy). 

Trich^hyton lacticolor — Ihjman ectoUirix ringworm. Probably of animal 
origin. 

Trichophyton KCtdagrophyta . — llwnan ectothrix ringworm. Horse, cow, 
dog, pig, sheep. 

Trichophyton meynini.— Human ectothrix ring\^ortll Fowl and pigeon. 

Trichophyton ocArnccMm.— Human ectothrix nng\vomi. Probably of ani- 
mal origin. 

Trichophyton pcrsifo/w.— Human cctotlirix riiig\vonn. Probably of 
animal origin. 

Trichophyton plicalile (probably similar to T. tonsurans). 

Trichophyton radio/otum.— Human ectothrix ring\>pn». Probably of 
animal origin. 

Trichophyton rohindum.— Human cclothrlx ringivonn. 

Trichophyton rtiimm.— Human ringworm of tropics (tinea alba). 

Trichophyton soudanensis —-Strictly human endothrix ringworm of tinea 
camtis in Sudan. 

Trichophyton ru/pAurum.— Human endothrix ringwonn In England. 

Trichophyton tonsurans, ccl. crakri/onms.—SlTKtly Imman endothrix 
nng\^orm 

Trichophyton riolaccum (T. p/ntiruwi).— Strictly human endothrix ring- 
worm of Italy and North Africa. 

Trichosporum pig/in/eum.— NoduLsr infection of human hair (Piedra). 

Actmomyces. 

Actinomyces asleroidcs.—Ktiovra only In reported cases of lung lesion and 
bram abscess in man. 

Actinomyces tom.— In actinomyco«i3 lesions in cattle, swine, Iiorws 
(rarely in goats, sheep, dogs and cats) In normal human mouth about 
tartar on the teeth. (There is no evidence of transmission of A. boiis from 
animal to man or man to animal.) 

Actinomyces madwx . — In man in the tcHow granules of Madura foot 
(mycetoma). Saprophytic existence not definitely known. 

Protozoa. 

Balantidium coli — Non-pathogenic parasite in rectum of pig; vegetative 
and encysted forma. Cysts in pig feces. Contaminated fingers of swine 
handlers. Contaminateu hog mests, eaxtsagus. lidtslriie of man in balan- 
tidiasis-vegetative forms; cysts rardy. 

Endamcba histolytica.— VogotaUve forms and c^ts in human intestine 
in amebic dj-sentery and carrier state. Cysts in leces; contaminated soil. 
Cysts in surface drainage water, sewage and contaminated water supplies. 
Contaminated hands of carriers. Contaminated food and drink, especially 
raw vegetables and fruits. Rat reservoir? Clothing, bed-clothes and 
utensils contaminated with gyst-containuig feces. 

Isospora belli; I. Aominfg.— Sporozoites in epithelial ce^ of human intes- 
tine in coccidiosis. OScyst in feces. Oocyst containing sporozoites in 
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contaiiiinatcd soil. Contaminated vegetable, wash water, drinking water. 
Contaminated hands. 

Leiskmania braziliensis.~ln lesions of forest yaws (espundia, uta, in 
South America)— skin ulcers, nasopharyn^l ulcers. Not known outside 
of human lesions. Experimental infection in sandfly. 

Leiskmania donoiani.— In lesions of rcUcuIo-endothelial system in human 
kala-azar. Phlebotomns ckinensia (sandfly). Dog reservoir(?) in Mediter- 
ranean regions. 

Leiskmania tropica.— In surface papule and ulcer of human skin in 
oriental sore. Discharge from ulcer. Contaminated dressings. Contam- 
inated skin of contacts. PUcbolomua; sp.? 

Plasmodium falciparum; P. malaris; P. civax. — Sporozoites, merozoites, 
gametocytes in blood of human subtertian (malignant, snstivo-autumnal) 
malaria subjects.* Gametes, zygote, oocyst, sporozoites in body cavity and 
salivary glands of mosquitoes {Anopheles, sp.). 

Sarcoajslis Krwiemanni.— Infected muscles in sheep, pig, rat, mice, cattle. 
Viable spores in improperly cooked meats. Spores m digestive tract of 
man before penetrating the nails of the intestme. In the muscles of the 
heart, larynx and tongue in infected humans. 

Trypanosoma cfuzi.— Leishmania and trj'panosome forms in the tissues 
and blood of patients nith Chagas disease (Brazil, Venezuela, Peru). 
Intestinal tract of a blood-sucking bug (Panalron^jlus megislus) fed on 
infected human blood— rectal cells invaded by crithidia forms; Icishmania 
forms in feces. Human skin contaminated by feces of bug containing 
leishmania forms. Reservoirs in armadillos, opossums and bats. 

Trypanosoma jjamdfenee. —Trj'panosomcs in blood of human cases of 
Trypanosomiasis (sleeping sickness). Trypanosomes in proboscis and mtes* 
tine of tsetse fly (Glossina palpalis) fed on infected human blood Devel- 
opmental and infective forms in salivary glands of t«et.«e fly. Anunal reser- 
voirs, young wild animals of many kinds(?). Nagana (native African 
domestic cattle) harbor Trypanosoma brvcei, a similar or adapted fonn of 
the human trypanosome. 

Trypanosoma rkodesiense —T. rkodesiense may be T hnuxi m Uie human. 
In intestine of a fly {Glossina morsilans) fed on infected human blood. 
Developmental and infective forms m sahvarj- glands of glossina. Trypano- 
somes m African domestic cattle (Nagana). 

Helminths. 

Anajlostoma fcrazih'CTise.— Filariform larva; in the skin of human cases 
of “creiming eruption.” Reservoir deflnitive hosts— dog and cat. Ova in 
feces. Ova, rhabditiform and fllariform larv® in contaminated soil. Skin 
of human contaminated with infected soil containing filariform larv®. 

Ancylosfoma dmdenaCe; Neeafor amertcanus. — Adults in intestinaf canaf of 
man in hookworm disease (ancylosiomiaois). Ova in feces and contaminated 
soil. Rhabditiform and fllariform larv® in diluted feces and moist earth. 
Filariform larv® on human skin (“ground itch”) contaminated by infected 
dirt. Filariform larv® in blood-vessels of skin, lungs, trachea, esophagus, 
stomach and intestine of man 

Ascaris lumbricoides. — Adult in intestinal canal of man. Ova in feces 
(nightrsoil). Ova on vegetables, drinkmg water contaminated with infected 
earth. Ova on contaminated human slon (fingers). (The porcine strain 
of Ascaris cannot undergo complete development in man nor the human 
type in tile pig.) 

Clonorchis sinensis. — Adult flukes in biliary tracts of the definitive hosts — 
man, cat, dog, hog, skunk, badger, wfldcat, marten, mink and guinea-pig. 
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Eggs in feces. Contaminatetl natcr. E ggs in bithyniid snails {Parafot- 
sarulus slriatulus; BUhynin fut^Hana; Bdhmia longicornis), Free-s\viin- 
ming cercariaj in fresh ^vatcr. Cavarlx under scales and in flesh of fresh 
water Percid-T, Gobiid® and Anabantida;. Cyst infected raw fi.«h food. 

Dioelophyme rennle . — Adult roundworm in kidney of definitive hosts— 
man, dog, wolf, puma, glutton, raccoon, coati, marten, skunk, mink, otter, 
seal, ox and horse. Eggs in urine- Intermediate host probably fish (Idus 
idles, experimentally). Infectetl, raw, fidi food(?). 

Diphyllobotkrium fotum.— Adult foh tapeworm in intestinal canal of 
man who is the dcfinitiit; host. Eggs in feces. Frce-sivimining lan’te in 
fresh water slrcain-s, lake.s and rivers. Procercoid lan-a; in body cavity of 
small crustaceans (Cyclops strenuus, C. brcvispitionis. C. prastnus, Diap- 
tomua graeUis, D. oregonenaia). Sparganums in body cavity, flesh and 
connective tissue of fresh water fish fed on crustaceans— p*ikc (Eaox lucitis), 
perch (Perea Jlupiatilis), Miller’s thumb (Lola wlgaris), salmon (Salmo 
umbla), trout (Trutla wlgaris), lake trout (Trulla laeuslrts), grayling (Thy- 
mallus vulgaris), rainbow trout (Onehorhynehus perryi), barbel (Barbus 
vulgaris), wall-eye (Slisoslcdum ttlreum), sand-pike (Sluostedwn canadense 
griseum), and burbot (Lola maculosa). Infectea, raw fish food. 

DiphyUobotknum wonsoni-— Adult in intestinal canal of man who is its 
definitive host. Eggs in feces. Intermediate lio<ts unknown; the first is 
probably a eucopepod crustacc.an and the second a vertebrate u«ed as 
food by man. 

DrocuPCvlus medinrnsis —Adult guinea»womi in tli© subcutaneous tis- 
sues of man, the definitive host. Ova in ponil and well water and other 
water aourees contaminated by eggs extruded through the skin lesion on 
the definitive host. Larva free-swunming in infected water. Larva in 
intestine of minute cnistacea (Cyclops) which liavc ingc«ted them Meta- 
morphosis occurs in Cyclops guadricornis, C. slrenuus, C. viridis, C. bieus- 
pidalus, el al Drinking and washing water containing infected cydops. 

Echinococcus granulosus.— Adali echinococcus in tissues of oefimti™ 
host— dog, jackal and cat. Eggs in feces of definitive host. Soil, offal, 
contaminated with fcccs containing ova. Ov a and developmental stages of 
lan’a in gastro-inte«tinal tract and tissues rc*px;ctnely of intermMiate 
hosts— man, sheep (optimal), cattle, pig, hor»c, camel, goat, monkey, riraSc, 
tapir, cat, leopard, s<iu>crcl and rabbit fed on ova-contanunated food. 

Echinostoma i/omnum.- Adult flukes in intestinal tract of definitive 
host; man. Intermediate hosts unknown; probably two auccessive species 
of 8nails(?). 

Enler^us vermicularis — Man is tlie only liost of the pinworm— adults 
in intestinal tract; ova on peruinal skin and contaminated fingers. Clottdng 
and food contaminated with ova 

Fasaola hepattca —Adult flukes in bilwiry tract of definitive hosts— man, 
sheep, ox, goat, buffalo, camel, llama, pig, hor«e, ass, elephant, wild rumi- 
nants, rodents and marine tnammalsf?). Eggs in feces of definitive host. 
Miracidiuin in moist feces and soil water. Intermediate host— snail 
(Lytnnxa sp.; AmpuKan'a lufeostoma; fsvAira (ropica; Lymnxa vCain'xJ, 
developmental redias and cercaruc. Free-sivimming cereari® in meadow 
water, contaminated water in ditches, pools, streams, flood waters. Cer- 
caruE attached to grasses and water plants (cress). Drinking and cooking 
water containing cercari®. Contaminated vegetables. Infected sheep and 
goat liver used as food. 

Fasciolopsis buski . — Adult fluke attached to intestinal wall of definitii’e 
hosts— man and pig. Ova in feces (night-soil) of definitive ho§ts. Free- 
swiraimng miiacidium in surface waters, pools and contaminated water 
sources. Infected intermediate hosts — snails (Planorbis ccenosus; Segmen- 
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Una nxliddla; Segmentina seAmadlm; Segminlina hemispharrula), develop- 
mental form?, sporocj’sts, redix, cercanse in snail tissues. Free-s^vimming 
cercariffi in contaminated water sources. Cercarice attached to aquatic 
plants; water caltrop {Trapa natans; T. bieomis), water chestnut {Eliocharis 
Ivierosa), the bulbs and corms of which are used as food by man and pig. 

(?as(rodisc(n’tfe8 Aomtnis. — Unknown outside of the cecum and colon of 
the human host. 

Ileterophyes kderopkyes.—AdvUt fluke in the intestine of definitive hosts — 
man, cat, dog and fox. Eggs in feces. Stream and river water contam- 
inated by excreta. Intermediate snail host suspected but not demonstrated. 
Free-living larval stages not known. Encj'sted larvre in the flesh of fresh- 
water mullet (Mugil cephalh). Infected fell meat eaten raw. 

Ilymenolepis nano.— Adult dwarf tapeworm in the intestine of man, rat 
and mouse. Auto-infectious within the host. Eggs in feces. Fingere and 
food contaminated by eggs in excreta. 

Loa foa.— Adult Maria and microfilaria in tissues and blood of man. 
Microfilaria in tissues and head structures of the mango fly {Chrysops 
dimidiata, C. silaeea) fed on human blood. Human skin infectM by micro- 
filaria emerpng from the labium of the mango fly. 

iVecator americanus —Adults of New World hookworm in the intestinal 
canal of man. Ova in human feces. Ova, rhabditiform, filariform larv$ 
in night-soil and contaminated earth. Fjlanform larvie in contaminated 
dirt on human skin (“ground itch”). Lar%'tt in blood, lungs, trachea and 
gastro-intestinal tract of man. 

Onchocerca i-oiitdus.— Adult worm and microfilaria in the subcutaneous 
tissues of man, tlie definitive host. Microfilaria in tissues and head struc- 
tures of the intermediate host, the buffalo gnat (Simuhim damnoium) and 
possibly others. On human skin at lime of bite by the gnat. 

Opisthorchii fehneus.—AdaM fluke in the intestinal canal of the definitive 
hosts— man, dog and cat. Ek^ in feces of definitive liosts. Water sources 
contaminate by infected feces. Intermediate hosts not know'n. Probably 
a mollusc as the first, and fish as the second intermediate hosts. Infected, 
raw fish flesh taken as food. 

Opislhorchis jriiwrint.— Adult fluke m intestinal canal of the-definitive 
hosts— man and the avet cat [Felis riremjs). Intermediate hosts not 
determined. Probably present in infected fish meat taken as food. 

Paragonimua weslermani . — Adult fluke in the lungs of man who is the 
definitive host. Eggs in the sputum and feces of the definitive host. Spu- 
tum or niglit-soil contaminated surface W'ater, small fresh water ponds, 
lakes, ditches and streams. Free-bving miracidia in contaminated water 
sources. Developmental stages in first intermediate hosts, melaniid snails 
(Melania hberlina (optimum) and probably M. ebenina, M. kidatekiens, 
j/. muida'ncia, M. nodiperda, M. o^i^fu^onoso, M. paucidneCa, M. tuber- 
culatus). Free-swimming cerearKe in infected water sources. In soft 
tissues of second intermediate hosts, fresh water crabs and crayfish (Astaews 
japonicus, A. similis, Eliocheir japoniats, E. sinensis, Potamon dehaani, 
P. oblusipes, Paralhelphitsa sinenmi, Sesarma dehaani, Pseudothelphusia 
ilurbei). In cooked cyst-infected crab and crayfish meat taken as food. 
Drinking water containing cysts bberated from infected crabs and crayfish. 

Schistosoma kematobium . — Adult i?orm and eggs in the portal blood and 
urinary bladder plexuses of man, the definitive host. Eggs in the urine. 
Eggs and free-swimming miraodia in urine-contaminated surface water in 
shallow pools, drains, ditches, canals, streams, sewage, public baths and 
wash-pools. Miracidia and cercarue in infected tissues of snails (Bullinus 
(Isidora) dybowski, B. eonlOTtiu, Physopsis africana, PlanorUs metidjensis 
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var. dujouri). Frce-snirnming cereariiD in infected water Rources. On 
human ekin wet with water containing infective cercaria?. 

SchistosouM joponicuni.— Adults and ova in tlie walla of tlic intestine 
and ova in the intestinal canal of man, domestic mammals, and field mice, 
which are the definitive hosts. Eggs in feces and niglit-soil. Eggs and 
rniracidia in water of shallow lakcji, ponils, utrcams, canals, irrigation ditches, 
bathing and washing places and nce-field water (the rniracidia are found 
mostly near the surface of the water). Mirncidia, sporocysts and cercaris 
in soft tissues of molIu«can intermediate hosts {Katayama nosopkora, Onco- 
melania hupensia, Kalayania formaaana). Free cercarirc under the surface 
film of still water .sources ns above. Infected water and water film on the 
skin of mammals. 

Schiatosoma inan?oni.— Adult in mesenteric veins of the intestinal wall 
in man, the ilcfinitive host. Eggs in tlie feces of tfie mammalian host. 
Eggs and frec-swimmlng rniracidia in diluted night-soil and contaminated 
surface water, pools, streams, ditclies, canals, sewage, lakes and irrigation 
ditche.s. Miracidia. sporocj'sts and ccrcariaj in soft tKsues of the inter- 
mediate molluscan liost (Plnnorlna loiaaifi, P. pfeifferi, Pkyaopaia africoTia, 
Ptanorbia audanieua, P. olitoceta, P. cfitlrimclralU, P. guadeloupenm), 
Frec-li^nng cercariie in contaminated water. Infective cercaris on the 
human skin wot by contaminated water. 

Strwgyloidea stcrcnrc/ia. —Adult female of the parasitic generation in the 
intestinal wall of man, eggs in the epithelial glands and lumen of the intea* 
tine; thabditiform larva* m the mlesUnal lumen. Uhabditifonu and filari- 
form Urvaj in the niglit-'Oil and fcces<oDtnmiiiatMl earth O'eterogonetio 
cycle in dirt). Hands, vegetables and other foods contaminated w’itli dirt 
containing infective filaciCorm larva* (Oral muco«a and skin may be 
directly contaminated ) 

Tania sc^'riata,— Adult beef tapewonn m intestinal canal of man, the 
definitive host. Oi-a in feces of definitive host Ova m contaminated 
earth, pasture land, grasses Larva: (bladderworm, CyitxetrcM 6oiis) m Uie 
pterygoid muscles, tenderloin and licart of the ox (intermediate host) which 
has fed on infected food. Other intermediate hosts are the bufialo, giraffo 
and llama. Viable cwticcrci in infected meat from the intermediate host. 

Tania sofium.— Adult pork tamworm in the intestinal canal of man, the 
definitive host. Ova in feces of uefimttve host Ova in feces-contaminated 
earth, grass, offal and surface water. Larva* m the mu*cles of the interme- 
diate host— pig, sheep and dog aa Cyalimcua ctUvIoas Infectei] raw or 
poorly cooked pork products (“measly” pork). 

TnckineUa snirafia.— Adult male and female worms in or on the intes- 
tinal wall of the definitii'e host; viviparous larvai m mesenteric ves.«els, 
general circulation and striated muscles of hosts— man, pig, rat (black and 
brown), wild boar, dog, cat, fox, bear, marten. Tlie rat and pig are prob- 
ably tlie common reservoir hosts. Viable larv® m the animal food of the 
cannibalistic rodent reservoir hosts and Uie flesh-eatmg mammalian hosts. 
Viable larviE in pork improperly cooked as food for man. 

TrCc^acepfiaiua inc/nwria — 77ie adu/t wfiip warm ts laancl on/y rn 
intestinal canal of man. (Pig?) Eggs in human feces and night-soil, 
Embryonated eggs in earth. Vegetables and fruits contaminated with 
dirt containing viable eggs. Eggs m stomach and intestinal canal of man. 

irricftermaSaTiCTo/h' — Adult filaria in lymph glands and IjTOph channels 
and microfilaria in superficial blood of roan, the definitive host. 
filaria m stomacli and liead parts of the intermediate mosquito hosts (Cukx 
fatigans (most common), C.ptpfcna, Aides xgypti, A. rarugalus, A. togoi, 
Manacmia psetidotilillana, it/, vit^ormia, Anopheles alhimamis, A. rosn, 
A. coslalia, A. algeriensis, A. nigemmiii). Microfilaria on the human skin 
at the site of tlie mosquito bite. 
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Arthropods. 

Aides xgypli, and other species of Aides. The adults of these mosquitoes 
are common house-frequenting types. Only females bite and are seldom 
found more than a fevr hundred jrards from their breeding place. Aides 
xgypli breeds by preference in sUM-watet containers— cans, tubs^ buckets, 
flower pots, bottles, tree holes, cocoanut shells, etc. Other less important 
species breed in rot-holes in trees, banana stumps (A. luleocephald), rock 
pools, and cement drains (A. fittota). Eggs, larvje and pup® in breeding 
places. Parasitic on man only to the extent of requiring a blood meal. 
Actfes soUicats breeds in salt marshes and may travel 40 miles on offshore 
winds. 

AnopAeles, sp . — Doineatic and sylvan mosquitoes. The eggs are laid 
only in natural waters supplied with water plants— stream banks, bayous, 
clear lakes, ponds, ditches, fresh water marshes, borrow pits, gutters, wells, 
cisterns, springs, hoUows in bamboo, palms and fiber plants. Larv® and 
pup® develop in the same localities. Adults may travel a few miles but 
are not carried by high ivinds. Common inhabitants of houses, buildings, 
ships, trains and other closed vehicles. Parasitic on man only to the extent 
of requiring a blood meal. 

Anfhomyia canfettforvs.— Garbage fly. Developmental stages in garbage 
and refuse. Adult frequenter of human habitations. Larv® on vegetables. 
Larva in intestinal canal of man (accidental intestinal myiasis). 

Anikomtfia pfuti'afij.— Garbage fly. Habits similar to A. canietdaris. 
Ian'S in skin and body cavities of man. (Accidental cutaneous and tissue 
myiasis.) 

Aphiochsla, «p.— Adults around decomposing zTiatter of all kinds. Ovi- 
posit on meats, excreta, vegetable and organic matter, human food. Lan'tc 
in intestinal canal of man (accidental intestinal m>'iasis). 

CaJliphora erylhroeephala, C. fomiloria.— Advil blow-fly found around 
decaying animal matter on which it oviposits. Prcpupal stage buned in 
the ground in neighborhood of Its hatching place Eggs deposited rarely 
in human tissues. larv® in human intestinal canal (accidental mtestmal 
myiasis). Lan'® in discharges from open sores and wounds on animals and 
mail (semi-specific myiasis). 

Chrysomyia 6ezrianum.— Adult blue-bottle fly which is a specific myiasis- 
producing fly in raan'^nd animals. This fly is rarely seen on foodstuffs as 
are other species of harmless saprophytic species of Chrysomyia Lari'® 
in intestinal canal of man and animals. 

Chrysomia macellans (var americona).- Blue-bottle fly. The adult ovi- 
posits in all forms of dead organic matter, in garbage and offal and the 
tissues and discharges from lesions in animals and man. Lar\'® develop 
at site of oviposition in the ground. Lsrv® lo tissue my’iasis in man (nose, 
ear and vagina). Tissue larv® known as the “screw-worm.” 

Cimex fedulariws; C. hemiplera.—C. lectulanus is the adult temperate 
bedbug. Eggs in cracks and crevices of rooms, buildings, furniture. Larv®, 
nymphs and adults in same localities. Adults may travel the mdth of a 
room for a blood meal. Parasitic on man only to the extent of requiring 
a blood meal. The tropical bedbug, C. kemiptera, differs in its liabits from 
the temperate variety only in ftat it frequents out-houses and animal 
pens as well as human habitations. 

Compsomyia viridida. — Larv® of fiy in the materials of open suppurating 
wounds. Nose in nasal tn 5 da 8 fs (accidental myiasis). 

Cordyldbia arithropopkaga; C. redhaini, — Larv® of the fly “ver du Cayor,” 
or thumber fly, burrow into the skin (specific myiasis). Eggs laid on 
c]ot}iing(?); ground(?),' floor. Eggs and Ian-® fn dirt and feces on the floor 
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of dwellings from uliich larv’ao wander to liuiiian skin. Myia«is also occurs 
in monkey, goat, cat and dog. 

Culex, s]>.~A liou90*brceding mosquito but al'^o found distant from 
Iiuinan liabitation. It oviposits and breeds essentially in relatively dirty 
water 8ucb as is found in gulteis and ditdics, stagnant pools, overflows 
from sewage dispos.al .systems, septic tanks, stagnant water in tree-holes 
and collected in receptacles of many kinds. Parasitic on man only to the 
extent of requiring a blood meal. 

Cynomipa mortuorum. — The larva? of this aarcophagous blow-fly h.ss been 
reported in surface ulcers and in the intestinal tract of humans (accidental 
myiasis). 

Dew^ci /oHiculorwm. — Known only in sebaceous glands and hair fol- 
licles (blacldicads) in man. It is questionable that they arc the active 
agents of any skin disease in man. 

Dermacenlor andersoni.—'The adult wood tick is an ectoparasite of man, 
sheep, cattle, goat^ horse, deer, elk, bear, coyote and badger. Engorged 
females and seed ticks (first generation lan-s) in undergrowth, graces and 
natural shelters on the pound. Seed lan'a; as ectoparasites on ground 
squirrel, chipmunk, woodchuck, weasel, rabbit, pine squirrel, field mouse 
and w'ood rat. Nymiphs in ground over winter and m spring on small 
rodents. (The carrier of Dermacentroienus ncleltisx; Pasleurella tulnrensis.) 

Demacentor vnriabilis.~~T\\e adult dog tick and an occasional ecto- 
parasite of man. Female and larva? in ground. Nymphs on dog. Adult 
on dog and man. (Carrier of Dcrmofenlfoienus rickeilsUe; Pcslewrflln 
tularensis.) 

Dermaiobia Aowinis.— Adult fly deposits eggs on abdomen of small flies, 
insects, ticks and mosquitoes. Larva leave eggs in contact with warm 
skin of mammalun host. Larvs in skin of human and os w arbles in cattle, 
pigs, dogs and other domestic animals Lars’a drop to soil and meta- 
morpliosc. 

ErUlalii ttnaz.— Adult is a large, bee-like hover or drone fly. Commotily 
found around drains and ditches. Eggs deposited as a heaped-up mass on 
stones, twigs, etc., at the tnargm of stagnant water containing decayed 
animal and vegetable matter, barnyards, manure heaps, etc. Water and 
food contaminated witii Eristahs larva? Larva? in the intestinal canal of 
man (accidental myiasis). 

Fajinia cariictdans, F. scalari$, and others.— Small, dark colored adult flies 
frequenting dwellings and stables. Eggs deposited on decayed fruit, gar- 
bage, offal, skin of man, or dirty clothing and napkins Larva? in intestinal 
canal, urinary bladder, anus and ear of man (acudental myiasis) 

Gaslerophiliis, sp.— Large hairy flies Eggs deposited on the long haiis 
on the forelegs, hind legs and abdomen ((?. MUeslinalis); lower jaw (G- 
nasalis) and lower lip (f?. fuemorrktridalis) of the horse I^n’se in skin and 
duodenum of the horse. Laivie in the gastro-mtostinal tract of man 
(specific myiasis). 

Glosstna pafpalis.— Tsetse fly. Inhabits forest undergrowth near water. 
Larvul stages iw wteiwa wl fesnaVe VatasAt vX maw awA l&ige. 

mammals only insofar as it requites a blood meal 

Glossina morjitam.— Tsetse fly inhabiting open, short-grassed jungle 
clearings, not particularly near water but near available mammalian hosts 
Parasite on man and large manunala only for blood meal 

Glycyphagus domesftews.— Adult mite in liay and vegetable matter, food- 
stuffs. Adult skin only dunngactof biting ("grocer’s itch”). 

Helophilus pendwfus.— Small fly frequenting garbage heaps and stable 
yards Eggs and larva? in rubbisli heaps, manure, rotting fruit. Larva? in 
drinking water and fruit. Larvm in human intestme (accidental myiasis). 
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Ilippdales pusio; II. fianpes . — A small eye-fly, common in public rooms, 
schools and other indoor meeting places. Adults in conjunctival sac of man. 

Hypoderma bovis; H. Kncotum.— Adult cattle-warble fly. Eg^ on stiff 
hairs of legs and underparts of cattle. Larva; beneath the skin and in 
internal organs (during wandering) of cattle. Eggs on human clothing. 
Larvse in human skin and internal organs (accidental cutaneous myiasis). 

Lepius autummlia , — The adult is a variety of harvest mite inhabiting 
moist ground covered with low vegetation such as berry patches, weed, 
grain fields, grass and shrubbery. Eggs laid in the ground. Larvie attach 
themselves to passing animals sucli as rabbits, small wild animals, birds, 
amphibia, dog, cat, cow, horse and man ^^mseberry-mite, bete rouge, red 
bug, chigger, and other local names). Engorged larvae and metamorphosing 
larvsE in the ground to which they have fallen from their temporary hosts. 

Lucilia aeneaXa; L. aesar, L. nobiYis.— Adult; large metallic “sheep- 
maggot” flies. Eggs deposited on sheep wool, and in the open sores of 
humans. Lar\’® in ulcers and wounds of sheep and man and in aural cavi- 
ties and intestinal tract of man. (Semi-specific mjdasis.) 

Musea domestica . — The common house-fly. Ubiquitous about all human 
habitations. Eggs deposited m animal manure, human feces, feces-con- 
taminated clothing, decayed and rotting %'egetable and animal matter 
(carcasses). Larva in material in which tliey hatched and third stage 
larva m the ground. Lan-a m wounds, aural cavities and intestinal tract 
of man. (Semi-specific myiasis.) 

(Keim oiij?.— Tlie nasal bot-fly of slieep. E^s deposited around nostrils 
of sheep and antelope. Larva m nose, accessorj’ sinuses, ear and eye of 
sheep. Larva in ground after dropping from sheep. Eggs deposited by 
adult fly around the human eye. (Ophthalmomyiasis, specific myiasis.) 
Habits of adult fly little known e.tcept that it hovers around sheep. 

Omithodorua moaiata.— Adult tick responsible for transmission of Bor- 
relia recuneniia var. dultoni. deposited in cracks and crevices of floors 
and walls of rest-houses and native nuts. Larva, nymphs and adults in 
same locations. Nymphs and adults attached to human skin in act of 
feeding. Parasitic on man only insofar as it requires a blood meal. 

Ormlhodorua fafaje.— Adult tic, responsible for transmission of relapsing 
fever in Panama, Mexico and Texas. Eggs deposited in crannies of native 
beds where metamorphosis of njonph stage occurs. Adults and nymphs in 
same location. Njinphs and adults atta^ed to human skin in act oi feed- 
ing. Parasite of man only insofar as it requires a blood meal. 

Pediculoidea venlricosia.^^g^ of adult ^ain-itch mite deposited on stalk 
of cereal grains (com and barley). Adults hatch directly Irom egg and 
feed on vegetable juices and insect hosts (grain moth, peach twig borer, 
bean and pea weevils, wheat joint worm, cotton boll worms) and the larvce 
of hymenoptcra and coleoptcra. Adults on human skin of cotton-handlers, 
gram workers, dock laborers, and anyone in contact with infested straw. 
In mattresses. 

Pediculus kumana lar. capitis . — Adult human head-louse. Eggs laid on 
human hair. Larval and nymph stages on human hair. Adults among 
human hairs, especially on the scalp, but may spread to other liairy regions. 
Adults on hats, caps, capes and otter headgear. 

Pediculua humanus var. corporis (aesttmentf). — Adult human body-louse 
(clothes louse). Eggs laid on body covering, especially woolen fabrics in 
seams and folds. May be laid also on human skin under filthy living con- 
ditions and habits. Larvie and nymph states in clothing. Larvse, nymphs 
and adults attached to human skin in act of feeding. Adults travel quickly 
along clothing and are found more densely on outer garments than those 
directly in contact with the skin. 
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Phlkiruia ini^uinalii (puWs),— Adult crab-louse or jiubic louse deposits 
eggs on tlic hairs of the pubic and perianal regions and to a far less frequent 
cxtentontliccyebrows, beard, moustache and eyelashes. Larval and nimpli 
stages in same regions. I^rvx and adulta attachc<] to human skin in act of 
feeding. Adults may be found in clotliing. 

Poroceplialus nmillatua.— Adult tongue worms in liver and lungs of 

K ython, adder and viper. Eggs in fecei» of snake hosts. Eggs in water. 

iymph in Iner of man, monkey, dog, lion, tiger, wolf, hedgehog, rat and 
antelopes. 

Pulex irrilans. — Adult human ectoparasitic flea, found also on rats and 
other domestic animals. Eggs deposited among hairs of animal host and 
fall to the ground. Eggs, larva: and pupa? found in cracks of floors, carpets 
and among refuse. Adults on human body and parasitic insofar as they 
obtain blood meals through the skin. 

Rkizoghjphvs paraiilicua —Aft adult itch mite of man. Adults, larva; 
and nymphs among vegetation, especially old tea gardens. All stages of 
mite in liuman lesions of skin (“water-itch," “cixilie-itch’'). 

Sareophaga tarnaria, S. hxmonhoidalii; S. Adult is the com- 

mon flesh-fly. Larvse deposited (vSviimitous) in vegetable and organic 
matter and excrement. Larva* in contaminated food. Larvrn in gastro- 
intestinal tract of man. I.ar\T depo-siled in open sores and ulcers (espe- 
cially syphilitic) of man (cutaneous and nasal myiasis). 

SaTcophxlfi ltt^\^Tons, S. nralta.—lATVu: of this blo«-fly found in open 
ulcers on the human. 

Trombicula oibamusi;.— Adult red mite, kedani or hairy mite of Japan 
on its common rodent host, the field mouse (ii/icreti/a montebellm), other 
rodenta, birds, domestic fowl, pheasants, quail, dog. cat, horse, buffalo and 
man. Adult in ground along stream margins undergoes metamorphosis. 
Nymph on potatoes, melons and other ve^tables. Pupce in the ^und. 
Aault oviposits in earth. 

Trombicula tehOffneri.—A red mite common in jungle adjacent to tobacco 
fields. Adult hosts, small rodents and birds. On skin of man. 

Trombicula dtHenais.—A red roite common on palm oil estates. Common 
host is the rat. On skin of man. 

Other Trombiculx found throughont the world as parasites on rats, 
rodents, fowl and other birds. Known by various local names as they 
attack man and produce a dermAtiti*< 

Tyroalyphua longior; var. caaUKatn; car. giro —The adult mite li\’es in 
copra dust (var. caalellam), farinaceous foods and vanilla (var. n'ra). On 
liuman skin ("copra itch,” "vanillismc’') during the act of biting. In 
human mtestme (accidental parasitism). 

Wohlfahrtia magnifiea, W. rigi/_— Aault, rarcophagous ‘‘flesh-fly.’’ Eggs 
deposited in decaying flesh and in the open 6ore.s of animals and man. 
LarvsB m the ground under decaying animal matter. Larv» in ulcers of 
the eye, ear, and nose of animals ami man and in the healthy skin of man 
(IF. lagif). (Semi-spenfic myiads ) 



CHAPTER XL. 


FACTORS AFFECTING SURVIVAL OF HUMAN 
PARASITES. 

Since all of the organisms under consideration are parasitic on 
man, the human host must be a factor in their ecology. His impor- 
tance to their survival will be in proportion to their dependence on 
what man has to offer in the dual relationship. This importance 
will be a measurable function of all other ecologic factors. For 
example, when man is an obligate host for an obligate parasite this 
relationship supersedes all physical and chemical factors in the 
environment insofar as successful survival of the parasite race is 
concerned, while if man is an alternate host for a parasite which 
can survive as long as it can find another alternate host, man is 
relatively of less value. 

Under other conditions the parasite-human host relationship 
becomes of little significance in comparison to the environmental 
factors which determine the intensity of the parasite’s extra-human 
struggle for existence. The human host can be of little concern if 
the parasite cannot outlive the other manifold hazards of its life. 
The measure of these values has not yet been obtained, but there 
is no reason to question that mathematics may not some day 
permit a quantitathe interpretation of the factors now being exam- 
ined in experimental epidemiolog>'. 

There are many organisms that are strictly human parasites, and 
so far as is known cannot exist e.xcept in continued intimate rela- 
tionship with man. So long as these parasites retain their ability 
to invade his tissues and man does not succumb too readily to their 
activity or overwhelm them, the human host will remain as the 
greatest asset to their survival. It is difficult to know in many 
instances how strictly neces.sary man is to some parasites, for just 
because no extra-human existence has been determined for them 
it does not prove that they may not live elsewhere in some so-far 
■LnwetogriYLtd ioim ot vn»Y«pec\ed locvis. This is prohaWy so in 
the case of some of the fungi, and must certainly be so in at least a 
few of the ultramicroscopic \iruses that have beep demonstrated 
only in man. But, these probahUities aside, the availability of a 
susceptible human host, is a tine qua non of continued existence. 

PARASITES DEPENDENT SOLELY ON MAN. 

"When man is the sole host, the survival of the parasite species 
must ultimately depend on the transferral of the parasites to another 
human host. The list given herein contains tliose organisms which 

( 411 ) 
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are liclieveil to be transmittcrl almost without ioterruptioji anti 
witliout known mediation from man to man. The length of time 
in transit is so evanescent as to permit Httle opportunity for extra- 
human factors to affect them. If they jKis-sess mechanisms permit- 
ting longer tlian a few hours independent existence tliey will not 
be included in the Ust. 


Fiisiformisfustformis 
llrmophilus cojtjunetinUdia 
llemaphibts ducreiji 

Hemophilus injluentx (suincftnd ferret?) 
Hemophilus heunatus 
Kfetsielfa prunwlomatisf?) 

Mpcobackrium leprr{t) 

Neisseria irUractUularia 
Herpes eimplex virus 
Mnlluseum contngiosiim virus 
Papilloma of larj’nv tarns 
Herpes zoster virus 
Poliomj-clith vmis(?) 

Epidemic encephalitis virus (?) 

Epidemic influenza vini8(?) 

German meades virus 
Aehonon «cA<5nWnti 
Endodermoph’jtm eoneenlrictim 
Endodermophylon indiam 
Endodermopkylm mansoni 
Endodermophylon Iropieale 
Trichophyton fumatum 
Tnehe^hyUin rotundum 
Trichophyton rubrum 
Trichophyton aoudanensis 
Trichophyton sulphurum 
Tnchaphylon tonaurans 
Trich^hyUm nofacctm; 


Endomyeea capsulahis 
Ilormodenitron fonloymonti 
Hormondendron olii'aceum 
Hormondendron pedrosi 
Microsporon ferrugineaif) 
Mteroaporon fia\escena{l) 
Microsporon in’s(f) 
Microsporon minulissimumlj) 
Microsporon {fjrdiim(f) 
Microsporon umbonolum{f) 
Microsporon villosum(f) 
Mierosporon xanlkodes{t) 
Phiolophora t'errucosa 
Rhitiosporidium aeehcri 
.9copWari(?pm blochi 
SporolHchum couneilmnni 
Sporolriehum jeanarlmi 
^lOTotn'chum schencki 
Torula hislotylica 
Trichophyton acuminatum 
Trichophyton circorwolutum 
Trichophyton coedneum 
Trichosporum gi^anteum 
Actinomyces bans 
Actinomyces asteroides 
Leishnuinia braritiensis 
Gaslrvdiseoides hominisif) 
DcTnoftee folliculmiTn{f) 


Wore will be said later of (he human factors involved in resistance 
to invasion and immunitj, but the variability of these factors Is 
one of the influences which favors the survival of invading parasites. 
Any lowering of tlie threshold which will ordinarily restrain parasites 
from entering the body ma.t favor their survival. Tlie qualification 
is made because the threshold to invasion may be low, but the other 
defense mechanisms may be lower, the host may perish quickly and 
carry the parasites with it to their doom. If, however, tlie host is 
able to overcome the invasion in part and thus survive the onslaught, 
a long latent infection may result whidi win be highly advantageous 
to the invading organism. 

Virulence of the organism is also variable in many instance 
and this may operate in a similar way to enhance the parasite m 
gaining a successful foothold in its host. All other factors being 
equal, an organism of low virulence but one which is strong enough 
to pass the major defenses of the host may set up a sub-lethal infec- 
tion which persists for months or even years. 
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Other factors of importance in the host of the strictly human, as 
\\ell as the obligate human paraates, are the local conditions which 
exist in the anatomic parts for which the organisms have a special 
predilection. Most of the elostridia are favored by anajrobic environ- 
ments and the presence of devitalized tissues; fungi by the degree 
of moisture and heat; some respiratorj' invaders, by preexisting 
infective agents; some intestinal parasites by favorable diets of the 
host; ectoparasites, by protective clothing, hairiness, exudates, 
damaged tissues and abnormal secretions; many organisms which 
constitute the normal fauna and flora of the body, by concurrent 
changes in physical and physiologic states of the parts uhich permit 
these otherwise harmless parasites to exhibit their potential patho- 
genic qualities. 

The entire success of parasites brought into relationship with 
the host may depend on the characteristics and accessibility of the 
atria by which they gain entrance to the body. Organisms of the 
tj’phoid-tlysenterj' groups are almost entirely unable to produce 
disease unless they come by way of the alimentary tract. Coryne- 
baderium diphtheria may invade not only by way of the upper res- 
piratorj’ sjstem but is also able to implant itself successfully on 
other mucous membranes opening e.Tternally, and even the skin 
under favorable circumstances. ^lost of the pjogenic organisms 
possess a potentiality for entering b\ way of the skin and all normal 
and abnormal orifices. The majority of these successes are due 
primarily to adaptive properties which are dependent on genetic 
factors, but otliers such as the myiases produced by some fly larvie 
are accidental adaptations to the human host, because the materials 
in which they survive are non-linng and similar in their impor- 
tant qualities to the parasites’ more common habitats outside of man. 

The accessibilitj' of the atria will be dealt w ith further in the dis- 
cussion of the factors which favor the approach of the parasites to 
the human body. 

The ecologic factors which operate outside of the human host 
exert their influences so variably on the different forms of parasites 
that there can be little advantage in taking them up categorically. 
Instead, the classification of otj^nisms already a^lopted in this 
section, affords the opportunity of reviewing the parasites in seri- 
atim and recording the effects of environmental factors common 
to all groups. 

BACTERIA, VIRUSES, RICKETTSM) AND SPIROCHETES. 

There are certain innate faculties in bacteria w’hieh are survival 
assets. Because it is postulated that they are pathogenic to man, 
it must follow’ that any mechanisms which they possess for invasion 
and pathogenesis will be of adv’antage to them so long as their 
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properties are reflections of adaptation. In pcneral, this is true of 
all pathogenic bacteria, although occasions may arise wlien these 
properties tlestroy the supporting host- The higher the mortality 
rate in man and the more rpucUy fatal the tlisease, the less advan- 
tage this is to the parasite. 

Genetic variations or iimtatious anti clianges in the types of 
physiologic activity of bacteria under certain environmental con- 
ditions have been repeatctlly demonstrated in the laboratory'. 
These lln^•e been correlated in tliffereiit ways with virulence and 
invasivencss. The question arises whether these changes in the 
parasite can actount for the apparent changes in virulence under 
natural conditions. Webster and h'lctncr in America, and Topley", 
Greenwood and Wibon in Kngland, have carried on extensive tests 
on animal populations in an attempt to determine tlie true nature 
of this "apparently'’ cnhance<l virulence. The sum of this w-ork to 
date is well e.xprcssed in the writings of two authoritative observers 
and investigators ill their own right: 

Gay' says, "The discovery of Webster and his colleagues, that 
microbic virulence is apparently a relatively stable property’ when 
examined under natural and contndlod conditions, lias come as a 
surprise to some pragmatic immunologists who have sponsored the 
idea that the coming and going of epidemic disease is essentially 
clue to corresponding changes In virulence of the incitnnt. It is too 
early to say whether the outcome of these experiments would justify 
the general deduction that fluctuations in virulence are of no sig- 
nificance in the epidemicity of all diseases. T))e available data on 
the virulence of carrier organisms in human infections present 
a imori both conflicting and corroWrative evidence. It is also true 
that the teachings of immunology in the past have relied too largely 
on conclusions derived from laboratory observations which hold 
only under a given set of conditions. AVhileit is a generally' acc-epted 
fact, for instance, that virulence may be increased by rapid animal 
passage, when such experiments are carri^ out with animals natur- 
ally susceptible to the contagion, and the infectious agent is intro- 
duccxl through a natural portal of entry (respiratory’ or intestinal 
tract, as the case may' be) there is little or no evidence that enhance- 
ment of virulence occurs. Occasionally the opposite may ev'en be 
true. It is possibie, of voarse, that bioJc^c- prrpErties of the para- 
site other than vinilence as here defin^ assume a share in the 
evolution and involution of epidemics, but since we have no means 
for measuring such characters, this statement remains, as yet, 
purely hy’pothetical.” Dudley* concludes, "Wliile the direct muta- 
tion of one kind of pathogenic para«ute into another may not often 

• Gay, F. p.: Agents of Disease and Host Resjatanee, Springfield, III., Charles 
C Thomas Company, 1915 

• Quoted from Dudley, S. T ■ Proo Rt^'. Sot Kled . 30, 57. (Scot. Epidem., p. 1) 
by permission of the Honorary Edtlors. 
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be responsible for epidemic phenomena, yet mutations must fre- 
quently happen among the pathogenic protozoa, bacteria or viruses, 
as in all other living organisms. The vast majority of such muta- 
tions, having no survival value, die out at once, swamped by the 
normal offspring of the parent strain. Only on rare occasions will 
a mutation chance to arise when the conditions give it survival 
value over the other variants of the same species. But at such 
moments the new variant could spread and gradually replace, tem- 
porarily or permanently, any other variants of the species which 
were less closely adapted to the environmental conditions of the 
moment, and it is becoming more and more evident that ‘new’ 
diseases, epidemics and changes in the clinical characters of endemic 
and epidemic illnesses arc sometimes as much the result of parasitic 
variation as of changes in host-resistance and environment.” 

Most of the pathogenic Bacilli and Clostridia possess the poner 
of spore-formation. Although the function of spores may not be 
explainable entirely on the supposition that they are defense stages 
of the organism against adverse environmental influences they 
undoubtetily serte in this capacity at least in part. Insofar as 
they do this they en<low the organism with a mechanism of distinct 
survival value. Cocci which do not form spores are relatively much 
more defenseless against changes in temperature and moisture than 
tlie sporebearers. 

The present state of knowledge in respect to bacterial life-cj’cles 
does not permit any valid generalizations to be made on the \alue 
of the different stages of such a cycle to the adaptation and siu’vival 
of the organism. Zinsser is of the opinion that spores may be some 
evidence of a life-cycle in spore-bearing organisms, and that there 
are other forms in which some bacteria may appear which are filter- 
able. Hadley and others have described b.acterial “fragments” called 
gonidia whidi he believes are involved in bacterial cyclogeny. The 
G-type, minute filterable forms of Hadley, Mellon’s filterable 
tubercle forms, Kendall’s filterable cocci and tj’phoid bacilli and 
Kahn’s segmentation granules of the tubercle hacilhis have all beeii 
put forward as cyclogenic phase otganisms. Reference has been 
made to them here only because the po^ibility still exists that the 
empiric observations so far made may conform later to further 
generalizations on bacterial cyclogeny, and possibly bear some more 
definite relation to survival, virulence and pathogenicity. 

The phenomenon of dissodation in bacteria is, without question, 
correlated with infectivity in some way. It is beyond the scope of 
this work to go into the structiual and functional changes which 
in turn seem to be correlated with these culture types of organisms 
and the reader is referred to the current literature on this all- 
important subject. The correlation with virulence, whether direct 
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or indirect which these plicnomena show will certainlyhave a bearing 
on sur\‘ival. 

Many bacteria ami viruses arc ns much, or more, dependent on 
animal hosts other tlinn man than upon man himself. As in the 
case of man there is a gratlation in the importance of these animal 
hosts to their parasites Avhielj is in proportion to the absolute or 
relative dependence of the parasites on them for survival. These 
animal hosts range fnnn the lowest forms of arthropods to the 
primates. Because these resen’oirs are important loci of the para- 
sites in man’s environment and therefore point out situations in 
which they may be deliberately attacked in an attempt to control 
disease, it will be useful to list the human parasites according to the 
animal hosts in phylogenetic order. No consideration will be giv'cn 
to whether the hosts arc definitive or intermediate, temporary or 
accidental, because destruction of the Iwst, or the parasite in the 
host, or disturbance of the host-parasite relationship in any way 
will he effective in preventing or limiting the survival of the parasite 
at this location. 

Aniinal Hosts (Natural) o( Bacteria. Viruses, Rickettsis and Spirochetes. 

Monkey: Mycohackriutn tuberculosis liomtnis, M. tuberculosis bovis. 

Cat: LoeMeTcUa. mallei, Mt/cohoderium tuberculosis bovis; rabies virus. 

Fox! liaBics virus. 

Wolf; Rabies vims 

Co>'Oto: Demaccntfoxenus nckcUsUe. 

Jackal: Rabies virus. 

Hyena: Rabies virus. 

Dor: KkhtklUi okhsII), Lae^ertUa maffa, ilfycofiacteriuni («6crcvf«l's 
hominis, rabies virus, Dcrmacenlroxenus rUketlsis. 

Weasel* Borrtlia minus 

Dadgcr. DermacenlToxcnus ricketlsise 

Woodchuck: Pastcurella tularcnsis, DermnceiUroxenus nckcUsue. 

Ferret: Uemophihis -injliicnsitf), Barrclia minus. 

Bear* Dermacentroxenus rielctl^. 

Camel: Pasteurella pestis(f), foot and mouth disease virus, vaceme 
Cattle* Bacillus anthracts, Brucella (Aortas, Clostridium tetani, Clostridium 
uelchii, Escheriekia coli, Mye(d)acl€Tium tuberculosis boiis, Salmonella 
xrlnjcke, Closlndium ftislolj/tin/m, Salmonffla entcritidiS, SSapJii/lococcua' 
sp , Slreplacoccus epidcmieus, Slreptococevs scarlattnis, Clostridium noiyi, 
Clostridium adematis-mahffni, foot and mouth dL«ease virus, rabies vims, 
vaccinia virus, verruca I'uigaris vims(7), Dermneenlroxenus nckdlsiee. 
Buffalo* Foot and mouth disease virus, vaccine virus 
Goat: Brucella abortus, Eseheridiia cofi, foot and mouth disease virus, 
rabies vims, vaccine virus, JJcrmaccn/roxcnMS riHeWsiie. 

Sheep. Bacillus antkracis, Clostridium oedemalis-maligrti, Clostridium welchii, 
Eschenehia coli, Pasteurella peslis(T), Pasteurella tularcnsis, foot and 
mouth disease vims, Rift Valley fever virus, vaccine virus, Dermacen- 
troxenus riekeltsix. 

Caribou: Vaccine vims. 

Deer: Foot and mouth disease vims, Dermacentroxenus rickctlsix. 

' Staphylococci and Slreplocoecut pyogtnea can probably be found m. or on. all 
animala Uated. 
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Pig: Brucella abortus, Clostridium Ttovtfi, Escherichia coli, Hemophilus 
{njluenz<e{f), Mycobacterium tubereulo^ kominis, Salmonella suipes- 
lifer, foot and mouth disease virus, rabies virus, vaccine virus, Borcelia 
minus. 

Horse, Mule, Ass: Clostridium kiatalytictm, Clostridium novyi, Clostridium 
adematis-maligni, Closlridtum ietani, Clostridium welchii, Escherichia 
coli, Loeflerella mallei. Bacillus anlhracis, Mycobacterium tuberculosis 
bovis, rabies virus, vaccine virus, Dermacentroxenus ricketlsise. 

Bat: Rabies virus. 

Squirrel— Common: Dermacentroxenus rickeitsise, Borrelia minus. 

Ground squirrel; (SpermopkilxisseiiCitellusbeechyi): Pasteurella pestis, 
Pasleurella tularensis, Dermacentroxenus rickettsUe. 

Chipmunk: Dermacentroxenus rickdtsix. 

Suslik: (Spermophilus rufescens): Pasteurella pestis. 

Cavy: Pasleurella pestis. 

Gerbille: Pasleurella pestis. 

Tarbagan: (Arelomys bobac): Pasteurella pestis. 

Rat: (Rattus ratus, R. noiegicus): Pasteurella pestis, Salmonella enterilidis, 
Borrelia miniis. 

Wild; L^lospira ietero-hjemorrkatfica. 

Water: RickeUsia nipponica, Pasteurella tularensis. 

Wood : Dermacentroxenus riekctlsise. 

Muskrat: Pasteurella tularensis. 

Mice: Bacillus anthracis, Klebsiella rhinosdcromalis, Salmonella sertryckc, 
Salmmella enierUidis, Salmonella lyphUmurium, Dermacentroxenus 
riekeUsis, Rickettsia nipponica, (in Micr^us montehelloi), Borreliaminus, 
Leptospira hehdomadis {Microlus monlAelloi), Leptospira icicrofuemor- 
rhagica. 

Guinea-pig: Klebsiella rhtnoscleromalis, Mpc-^aclerium tuberculosis bone, 
PasUurella pestis, foot and mouth disease virus, Borrelia minus. 

Rabbit: Bacillus anlhracis, Mycobacterium tuberculosis bovis, Pasteurella 
tularensis^ Salmonella enterilidis, Salmonella srlrycke, foot and mouth 
disease vims, vaccinia vims, DeTmacentroxenus rickettsUe. 

Opossum: Pasteurella tularensis. 

Bandicoot: Borrelia minus. 

Canary: Psittacosis vims. 

Cockatoo: Psittacosis vims. 

Parrakeet: Psittacosis vims. 

Grouse : Pasteurella tularensis. 

Carp: Klebsiella rhinascleromatis. 

Mosquito— Aides mgypli; Yellow fever virus, dengue fever virus. 

ASdes albopictus: Dengue fever virus. 

Aedes scapuiaris, A. luleocephalus: Yellow fever vims. 
'Z'tka.'yiiciaiuV/tascttUici. 

Fly— Deer fly: Pasleurella tularensis. 

Common {Musca domestica, M. slabulans): Ebertkella typhi. Shigella 
dysenterix var., Flexner, var. Shiga-Kruse, var. Sonne (Duval), 
Vibrio cholerx. Variola virus, Yreponema pertenuis, Bacillus anlhracis. 
Sandfly (Phkbotomus papatassi): Pappatoci fever vims, Bartonella bacilli- 
formis{f). 

Flea (Xenopsylla chcopis): Pasleurella pestis, RickeUsia prowazeki. 

Louse {Pediatlits humanus var. corporis): Rickettsia proicazeki, Rickettsia 
guintana, Borrelia recurrentis var. norpt, etc. 

Bedbug (Cimex lectularis): Myeobaderium leprx{f), Borrelia recurrentis 
(European). 

Cockroach: Escherichia coli, Mycobacterium leprx(f). Vibrio choleras. 

27 
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Tick— Dog (Derwinfcn/or tariabilis): PasteurcUa lularensis, DermacCTi/roi- 
enxts riclcUsix. 

Ilou^e {OniUkodoTua mouhoia, 0. talaje): Borrclia rccumniig var. duMont. 

■\Vood (Dcrmocen^w andcraoni): PasteurtUa IvIaTcmia, DmnaceTitroxenvs 
ricktUaix. 

llflbbit {Ilemophysalis kporia-palualna): PasUureUa tularenaia. 

Mite iTrombicula akaviuiki, T. delhientit): Ilichetleia nippmica. 

Host and parasite specificity cannot he determined by analxsis 
of this list because the appearance of a bacterium under a single 
animal species does not imply that the animal host is neccssarj’ to 
its existence. Also, a bacterial organism shown) as a parasite of 
multiple animal species may be entirely non-pathogenic to any one 
or all of the animals in which it has been found. For information 
on the adaptive relationships between animal hosts and their para- 
sites and the general biologic principles involved, the reader is 
referred to other sources. (Ilull, T. G., Diseases Transmitted from 
Animals to Jlan, 19.30; Me.\cr, K. 1'., Newer Knowledge of Bacteria 
and Immunology, 1928.) 

Not all bacteria require a lower animal host, and many bacteria, 
viruses and spirochetes in the above list maj be found in nature 
on non-living media. Wherever there exist.s a possibility that a 
parasite may live outside of another orgajii.sm. It must either possess 
defences of its own or there must be nece.ssary elements in the 
environment which favor its nutrition or protect it from Imrarrlous 
surroundings. Again excluding those organisms which are trans- 
ferred from man to man by direct contact or are transmitted by a 
medium on which they cannot exist for any significant length of 
time there remain many bacteria which can survive in air, W’ater 
and soil, or on vegetation, dead animal tissues, foods, dust, debris 
and a multitude of inanimate objects and fomites. 

Air per se is favorable to pathogenic bacteria only insofar as it 
acts as a transporting mechanism which enables the organisms to 
gain access to some more favorable environment. This generaliza- 
tion carries the danger of understating the importance of air be- 
cause the organisms, espedally those which invade bj’ way of the 
respiratory tract, are largely dependent for survival on having some 
means of access to the nose and mouth of man and animals. There- 
fore, although these pathogens probably cannot multiply in air and 
only survive passage through it by virtue of spore formation or the 
ability to resist drj’ing in an inactiTO vegetative form, the air itself, 
and especially moving air. Is a definitely \"aluable ecologic factor. 

Bacteria in air are free-floating suspensions usually intimately 
associated with other particulate matter which is itself air-borne. 
Because the sources from which thej' originate are practically never 
composed entirely of masses of bacteria, it probably is the rarest 
occurrence that a particle of bact^ial suspension in air is made up 
solely of bacteria. Tliere is probably alw’aj’S either some water, 
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organic or inorganic salts, or .dried minutely divided materials of 
animal, vegetable or inorganic origin a^ciated with them. Tlie 
physical properties of the air therefore assume major importance in 
its value to the organism. Volume, weiglit, surface area and momen- 
tum in the particle and density, water-vapor, temperature and 
motion of the air are the principal factors that determine the length 
of time the particles remain in suspension and the distance they can 
be carried. Provided the organism can protect itself against destruc- 
tien or be protected by associated enveloping or otherwise favorable 
media while it is being carried through the air, then the longer it 
remains in this state the better will be its chances of meeting up 
with its favorite soil, the respiratory organs of a new host. Should 
it fall rapidly to the ground or Mge on any other medium, its 
chances of survival are lessened because of the interposition of new 
hazards. In order now to reach its host it must .again be taken into 
the air as a component of dust or gain access to the nose or mouth 
of a favorable animal at an added risk through another medium of 
transmission. 

Wells,' Wells and Stone,* and Wells and Wells* have made impor- 
tant contributions to the understanding of the mechanics of droplets 
and droplet nuclei as they are propelled into the air and undergo 
certain physical changes in their fall under the force of gravity and 
in air of variable physical characteristics. Correlated with this 
study are valuable observations on the viability of bacteria under 
these conditions. These are matters of tremendous epidemiologic 
significance because they invob'e fundamental principles in the dis- 
semination of air-borne bacteria which are living, infectious, and 
made available to new hosts by rapid and widespread transportation. 

A colony of pathogenic bacteria can maintain itself best, by growth 
and reproduction, at a temperature of 37® C. (98.6® F.) which is 
human body heat. At this optimum temperature their rate of multi- 
plication and the accumulation of inhibitory substances in the 
growth medium bear the most favorable relationship to each other 
and to the "normal” growtli curve of the colony. For the indi- 
vidual organism, a higher temperature may favor more rapid repro- 
duction, but this apparent benefit is not necessarily beneficial to the 
colony. Outside the body of man or animals the optimum tempera- 
ture plays little part because most pathogenic organisms do not 
grow and multiply under the ordinary external environmental con- 
ditions. It is only when they meet with some very favorable organic 
medium suited to their species (which is a relatively rare occurrence) 
and from which thej’ can obtain nutrient, that an optimum temper- 
ature is of beneficial significance. 

■ Wells, W. F.: Am. Jour. Hyg , 20. 611, 19»4. 

* Wells. W. F., and Stone. W. R.: Am. Jour. Hyg , 20. 019, 1934. 

* U ells, W r., and WeUa. M. W.t Jour. Am. Med. Assn , lOT. 169S, 1936. 
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Extremes of temperature are highly unfavorable to all bacteria. 
Short of the extremes there are high ami low points at which bac- 
teria die under (lifTcrent conditions and length of exposure. The 
thermal death time of a species of bacteria is the time required to 
kill the organism at a given temperature or range of temperature. 
The temperature chosen is arbitrary and selected in accordance 
with the most practical use to whicli the knowicelgc gaineel is to be 
put. For example, milk is readily sterilized by pasteurization at 
6.3° C. (145° F.) for thirty minutes, its tliermni death time at this 
temperature. It would be impractical to know that sterilization 
could be accomplished in three or four hours at a lower temperature. 

The following part-table from Gaj' shows the resistance of various 
organisms to heat in the order of increasing resistance: 


Trcjionemn paltiilim 
Neitseria (jonorrhax 
Diploeoccua pneumonije 
Conjnehnetenum diphlhmx 
Baalhu nnl^iracis 
SlreptoetKeua mogmci 
Ebcrlhella typhi 
Staphjlomccui aurciu 


Etehcriehia coU 
Mycobaeteriam lubcmihsis 
Eschenehia eoU (some strain') 
Brucella abortus 
ISacillui anlhracis spores 
Bacillus subtilis spores 
Clostridium bolulinum spores 


Most bacteria can survive long periods at temperatures as low as 
5“ to lO** C. (41° to 50° F.) and some {EUrfhclIa ti/phi) can live In ice. 
At these temperatures metabolism Is practically at a standstill. 

Water (moisture) is an essential to vegetative activity of all 
bacteria. IMiilc some vegetative forms and spores may be rela- 
tively resistant to drying the presence of moisture alwaj’s acts in 
favor of survival. It not only supplies fluid for the bacterial body 
but acts as a solvent, diluent ami menstruum for nutrients, and 
favors the availability of these essentials for vital activity of the 
organism. Milk, dilute feces, moist animal matter and water con- 
taining organic matter, most often supply the most favorable media 
for growth and multiplication (at times) of pathogenic organisms 
in their passage from man to man. Moist secretions, excretions, 
and discharges can maintain the viability of organisms under con- 
ditions of exposure that woukl otherwise lie fatal. 

Watery media in general are favxirable to the transmission of 
viable pathogens, and present an important channel by which 
they can be returned to the animal Iiody. It is probably no coinci- 
dence that the most common water-l>OTne organisms are the patho- 
gens which gain entry through the alimentary tract and produce 
diseases of this system and are disseminated througli discharges 
from it. 

All of tlie pathogenic bacteria miuire preformed organic sub- 
stances of either animal or vegetable origin. Tlie different species 
and even varieties varj’ greatly in their quantitative and qualitative 
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requirements of these materiab. Tliese specific differences cannot 
be taken up in this work, but it must be pointed out that the more 
nearly the environment comes to supplying the full quota of the 
specific nutrients, the more favorable it will be to the normal 
activity of the organisms. Food and food debris, alvine and other 
discharges, dead or living animal and vegetable matter, supply such 
essentials for many of the important human pathogenic bacteria 
and make these substances of paramount epidemiologic importance. 

The presence of free oxygen in the environment is essential to 
some bacteria, detrimental to others and a matter of indifference 
to many. The aerobes are those which live in the presence of free 
oxygen and anaerobes are inhibited by it- There are some organisms 
which thrive as aerobes, but also possess the faculty of adjusting 
themselves to the anaerobic condition. These are the faculiative 
anaerobes. Conversely, organisms which live readily as anaerobes 
may, in some instances, adapt themselves to a free oxygen environ- 
ment (faeuUatire aerobes). Most of the human pathogens are 
aerobic. l\’hen they can live only in free oxygen they are called 
ohligale aerobes. The following are anaerobic pathogenic organisms 
for which the absence of free o.xj’gen is obligatory (obligaU anat'robes ) : 
Clostridium tetani, Clostridium adcmalis-maligni, Closiriditm botu~ 
linum. All others do best in the presence of free oxj'gen or can 
adapt themselves to it. 

Obviously the presence or absence of free oxj-gen in a medium in 
which an organism’s lot happens to fall after it has left the animal 
body will determine in many instances whether it lives or dies. 
AnaSrobic bacteria find their greatest opportunities for growtJi in 
the interior of dead organic matter, (hlost of these form spores 
and can persist in soil for long periods of time.) 

The viruses (if thej are living disease agents) can live and multiply 
only in living cells; those which are pathogenic to man only in animal 
cells. Little is known of their survival outside of the body, but 
epidemiologic studies in the field and laboratory have showm that 
they can be transmitted through air and some liquid media (rabies 
virus in saliva). 

The Rickettsue grow best at temperatures near 30° C. (86° F.) 
under aerobic conditions and in the presence of living cells. Noth- 
ing is known of their presence outside of animal bodies except under 
experimental in vitro conditions. 

FUNGI. 

The majority of pathogenic fungi show selectivity in the tissues 
of the human host. Most of them thrive best on the external sur- 
faces of the body where they are subjected to changing environ- 
mental conditions against which they receive hut little protection 
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from tl»e host. Tiint wlijcli the !wwt hns to oiler is largely of the 
nature of nutrient and a tcrtaiii dcftnx; of wnniitli and moisture. 
Some invade the skin and its appendages more <lccply, so that they 
have tlie added advantage of protection and nutrition by the cells 
of the host. A few arc nhle to grow in the contents of hollow viscera 
and occasional types within .such tissues as tlie liver, lungs and brain. 

Knowlwlge of the epidemiology of tltc fungi is so meager that few 
positive statements with reganl to their loci in nature can be made. 
In the list of organisms dejieiulcnt solely on man (see page 412) 
it has been necessary, in the ca’se of the fungi, to query the definite- 
ness of the assumption. It is probable, however, that in most of 
them at least the vegetative fonns are limited to man, whereas 
their spores may exist on inanimate environmental materials. This 
in actuality comes to the same thing ns saying that they are depen- 
dent solely on man for growth and reproduction. Man, then, in 
these instances is an essential factor in their ecology, and the sur- 
vival of the fungus race will depend on tlie availability of this host, 
at least under tlicir present state of ailaptation. 

Wiile direct intimate contact of one human with another human 
infected host is the usual means of transmission of these fungus 
diseases, their survival is greatly enhanced by their temporary 
freedom from the bod.\ as resistant vegetative forms or spores in 
scales, crusts, disciiarges, shed hairs, sputum, abraded skin particles, 
nflil peelings, and sweat. 

Animal hosts other than man arc knoun in the case of some of 
tlie microsporons and trichophytons. Ko reliability can be placed 
on the Inference that either m.an. or the animal, is an essential host, 
in the sense of being definitive, as is the case uith some bacteria ami 
protozoa. Althougii a small minority produce natural disease in 
animals it is too early to assume that these are the all-important 
resen’oirs for the fungi concerned. The ability to persist on animal 
tissues in a form in which they can be .spread to man will certainly 
supplement their chances of survival outside of man. 

Animal Hosts (KatorsI) of Pathogenic Fungi. 

Animal origin probable-host not determinetb Trichophyton atfnim, T. 

farinuUntunt, T. lacticolor, T. ochraceum, T. persicolor, T. railiolatum. 
Cat: Trichaphylan felineum. 

Dog: Trichophyton mentagrophyta, Microaponm lanosum. 

Cattle: Trichophyton menlaffrophyUg, T fehneum. 

Sheep: Trichophyton mcntaffraphyles, T.Jdineum. 

Pig: Trichophyton mentagrophiflcs, T.fehiKum. 

Horse: Trichophyton equinvm, T. mentagrophytes, T felineum, T. granu- 
losuni, Sporotrichum beurmannt. 

Mouse: il/tcrosponon / ulcum. 

Birds: Atkarim paliin®, MicroaporuTn fonosum. 

Fowl; Trichophyton 
Pigeon: Trichophyton megninx. 
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The optimum temperature and the grovi*th temperature range of 
the fungi fall well within the environmental temperature of man 
under most living conditions. Epidemophyion and Edotkrix grow 
best at 25° C. (77° F.) and Endodermophyton at 26° to 27° C. (80° to 
85° F.). Nevertheless it can be stated with some assurance that 
a high average outside temperature is more favorable to fungus 
gro\rth and reproduction than low temperatures. If all other factors 
are relatively equal, this probably explains the higher prevalence of 
the epidermophytoses and triehophj'toses in hot climates. In colder 
regions this narmth (and added moisture) is attained by the reten- 
tion of body heat beneath clothing. 

Moisture is essential to the vegetative stages of fungi, and wher- 
ever it is present acts in favor of gronlh and survival. This may be 
true of some fungi even outside of the animal bodj- in n hich instances 
some growth and multiplication may take place on inanimate objects. 
In general, soil and decaying vegetable and animal matter are likely 
to supply the most favorable medium because of the presence in 
them of preformed nutrients, particularly carbohydrates. The 
apparent ease with which some fungi appear to be picked up from 
earth, and the handling of animal and plant products may be due 
to the mycelial threads already there. 

All pathogenic fungi are obligate aerobes and cannot make direct 
use of atmospheric CO*. 

PROTOZOA. 

The pathogenic protozoa are highly parasitized members of their 
class and for the most part depend on animal hosts. Although only 
one {Trypanosoma braziliens'ts) is known only in man it is probable 
that all are highly dependent on the human host for continued 
existence of the species. Isospora and Sarcocystis are found outside 
of man, and one of them (Sarcocystis) is a parasite of many animal 
species, so it is possible that their need for man is far less than is 
the case with others. 

The members of the genera Leishviania, Plasmodia and Trypano- 
soma exhibit what might be called a “closed” parasitism in the 
sense that at no time or stage in their life cycle are they ever brought 
into the open environment. They are transmitted to the human 
by inoculation and are taken from him through the hj'podermic 
route and pass through all other developmental stages within the 
bodies of their animal hosts. Probably twelve out of these fourteen 
pathogens would fail to survive under their present state of adap- 
tation if man were removed from their environment. 

Because the Leishmania, Plasmodia and Trypanosoma undergo 
special forms of reproduction and development within animals other 
than man, these lower forms are of gr«it importance to them. This 
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is t;sj)ecially true of tlie Plasmodia, wljicit muiergo tlielr sexual 
cycle ill the niosfjuito. 

Ecologicnlly, the contimiwl existence of these jirotozoa in anj' 
siiiRlc locality is a highly problematic affair. 

SacToq/siis lindemnnni also lives a dosal existence in the muscles 
of its human and animal hosts. It is an example, however, of acci- 
dental parasitism in roan, for he olitains it only through the inges- 
tion of meat containing sarcocj’sts and is himself unable to pass 
them on because they develop in his own muscles (pTo%'itleil they 
excyst and penetrate his intestinal wall) and have no further avenue 
of escape. The human host in this instance may be beneficial to 
the individual generation of Sarcocystis concerned, but 100 per cent 
fatal to the perpetuation of the race through man. 

The <legree of susceptibilitj of the human to these parasites is 
probably of considerable importance, but to far less extent than 
with the bacteria. Insofar as this permits their invasion and multi- 
plication, it is a factor in survi\'al. 'Fhe parasites of malaria reveal 
more dependence on this factor than tJie others, although there is 
evidence that lowered resistance is seen to Endameba and TTypanih 
soma. Lowered resistance to Trypanosoma brucei is believed by 
some to permit this orgjinism, ordinarily found only in cattle, to 
become pathogenic for man. 

Animal Hosts (Natural) ol Pathogenic Protozoa. 

Cat: Endamaba htslolyhca{t). 

Dog: Endamaba hUU)li/tka{t). 

Cattle: Sarecc>j$tis hominis. 

Slieep: Sarcoq/slis kominis. 

Pig: Sarcocystis /lominU, Balantidium coti. 

Bat: Trypanosoma cruzi. 

Rat; Sarcocystis hominis, Endamaba fnstcJyliea. 

Mice: Sarco<^/slis /tornints. 

Armadillo; Trypanosoma enizi. 

OpOMum: Trypanosoma cruzi. 

Mosquito (Anopheles guodrimaculalus, A. maculipenm's, A. hyreanus): 
Plasmodium jToinponinJ, P. mnlon*, P. n'rox. (Other Bpccies of anoph- 
eles are of great importance in special geographic regions and to differ- 
ent strains of pl&smodia.) 

Tsetse-fly (Glo««na palpahs): Trypanosoma ^mUense. 

(Glossina morsilans) • Trypanosoma rkodesiense. 

Sandfly (P/ife£>otomus eWnenris); lewfunania donowini. 

Lei8^waM^a trop4ca(?). 

Bug (Panslrongylits (Tnaloma) megislus): Trypanosoma cruzt. 

Other environmental factors are of importance only to those 
members of the class whidi escape from the animal through dis- 
charges from tlie intestinal canal where they liave been living. With 
them, the factors of temperature and moisture are paramount. 
Free-living forms of Balantidium eoli, Endamaba histolytica, Isospora 
hominis, and I. belli cannot survive more than a few hours or da^'S 
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in passed feces and depend for survival over the period while waiting 
to be taken up by a new host on tlieir power to form more or less 
resistant cysts. Since only the cysts are infective for man, cyst 
formation becomes a necessary defense mechanism. 

The evidence that Try^nosoma gambiense can complete its life 
cycle in the tsetse-fly only at temperatures from 22° to 24° C. 
(70° to 75° F.) shows that even protozoa living entirely within 
animal bodies are not completely independent of external environ- 
mental factors. The positive side of this picture may point to the 
need for further study on the influence of temperature changes on 
parasites within cold insect hosts and the ad\'antages to them of 
optimal outside conditions. 


HELMINTHS. 

None of the pathogenic helminths are with any degree of certainty’ 
so dependent on man alone that they are not exposed to other 
ecologic factors in some stage of their existence. Gastrodi^coides 
hominis appears on the list of organisms solely dependent on man 
(page 412) only for the reason that it is so far unkno^m outside of 
the human body. Demodex foUieitlonm has, in addition, the strong 
suspicion that it plays no part, or very little, in the pathogenesis 
of the comedo lesions in which it is found. On the other hand, the 
necessity of human parasitism to most of the helminths is of a high 
order, and in some assumes an absolute degree (obligate human 
parasites) for the completion of their life cycle. The value of the 
human host to the parasite is therefore relative between the different 
organisms as they show variable degrees of dependence on man. 
As with organisms in other classes of the parasites man> could not 
exist without an available human In which to carry on their devel- 
opment. 

Resistance of the host, m the sense of immunity (other than 
species immunity) is of relativeh little moment to the helminths. 
Although some possess antigenic powers, the antibody reactions of 
the host are generally weak and ineffectual. 

The highly developetl spwializations in structure and functions 
of these multicellular organisms is correlated with specialization in 
the selection of suitable environments for their adaptation within 
the host. All show special predilections for rather limited anatomic 
sites which must depend almost entirely on their genetic poten- 
tialities. As a result they must be able to satisfy these requirements 
or perish. They are effectively restricted in the first place by the 
portal of entry and show little, if any, ability to enter by alternate 
routes, and even when they have once gained admission to the 
human body must pass several hazards before they reach the place 
most suited to further development. 
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Tlie circuitou'i routes taken liy the migrating larv® of Ancylo^tma 
and are cases in point. Such bizarre wanderings subject 

the immature parasites to senons obstacies such as IjTnph channels 
and capillaries too small to accommodate them, highly acid and 
enzyme-inhibiting gastro-intestinal secretions, loss from the host 
by fortuitous circumstances surrounding'the arrival of the parasite 
in an organ communicating with the exterior, and various physio- 
logic states and stages of activity in the tissues and organs of the 
host. But for these, probably many light infections in the Ittiman 
would be heavy and of far more serious consequences. 

SHgiitly less than oiu*-hnlf of the pathogenic helminths inhabit 
man as the only alternate to some definitive host. The survival 
of their species can he accomplisheil without man, therefore, so long 
ns the alternate hosts are available. Nevertheless, the social con- 
ditions \inder which man lives and his habits and aistoms frequently 
make it easier and more valuable to the parasite to propagate 
through man. This is especially true in the case of the flukes which 
are disseminated largely through environmental channels where man 
is constantly placing himself In their path. 

The relationship between the helminths and the lower animals Is 
quite similar to tliat u ith man. These nnimab act as intermediate 
and definitive hosts and permit the survival of the parasite race 
through their accommodations to them. In the case of Eehinocoecus 
graniiloftis and Anq^hi^loma IfraziUense, the lower animals possess 
the entire responsibility for their .sur'dval because the lower animals 
in these instances are the only definitive hosts and man plays the 
part of intermediate host. TriehineHa spiralis undergoes its defini- 
tive and intermediate development in citlier man or animals. 

Animal Hosts (Natural) ot Patbogfenic Helminths. 

Monkey: EeMnocoecua ffranulow lar%-je. 

Leopard ; Echinococcus granvhsuo lar^ie. 

Wildcat: Clonorchis finensw. 

Cat: Echinococcus graiiulasus, Clonorchis sinensis, AncylosUma hrasiliensc, 
Ileterophyes heteropkyes, Opislhorchis fcHueus, Trichinella spiralis larva. 
Civet cat • Opisthorchis vivtrrini. 

Dog' Anqjlostoma brazilimse, Clonorchis Dioctophyme rcnale, 

Echinococcus granulosus, Utiorophyes hclerophyes, Opisthorchis felineus, 
Tienia soKum lan’ie, Trichinella sptrahs larvae. 

Wolf. Dioclopkyme renale. 

Jackal: Echinococcus granulosus. 

Fox. Ileterophyes heterophyes, Trichinella spiralis larva?. 

Mink: Clonorchis sinensis. 

Marten: Clonorchis sinensis, DioetojAymerenole, Trichinella spiralis larne. 
Badger. Clonorchis 
Otter; Diodophyme renale. 

Bear; Trichinella spiralis larvie. 

Raccoon. Diodophyme renale 
Coati: Diodophyme renale. 

Seal: Diodophyme renale. 

Llama: Fasciola hepatica, 7>7no aojanofo larva?. 
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Camel; Fasciola hepatica, Eehinocoeeus granulosus larva;. 

Giraffe: Echinococcus granulosus larvs, Txnia saginata larvsc. 

Cattle aad oxen: Diodaphytne remHe, Fasciola hepcUica, Echinococcus 
gran^dos^lS larva;, Txnia saginata larvse. 

Buffalo: Fasciola hepatica, Tsema sa^natal&rvx. 

Goat: Fasciola hepatica. Echinococcus granulosus larva;, Tsnia solium 
lar\’je. 

Sheep: fasciola hepatica, Echinococcus granulosus larvte, Tienia solium 
larvie. 

Pig: Clonorchis sinensis, fasciola hepatica, fasn'oZop«« buski, Echino- 
coccus «;ran?dost<s larvff, Taenia solium Ian'®, Triehinella spiralis larv$. 
Wild boar: Triehinella spiralxs Ian*®. 

Horse: Dioefophyme renale. Fasciola hepatica. Echinococcus granulosus 
larva. 

Tapir; fcAinocoeows granulosus Ian'®. 

Elephant: Fasciola f^palica. 

Squirrel: Echinococcus granulosus Ian®. 

Mouse: Hymenolepis nana. 

Field mouse: Schistosoma japonicum. 

Bat: Hymenolepis nana, Triehinella spiralis larv.®. 

Guinea-pig: Clonorchis sinensis. 

Rabbit: Echinococcus granulosus larv® 

Fish (Percidas, Gobiids, Abanitnida): Clonorchis sinensis cercarUe. 

Ildus Idas): Dioctopkyme renale cercari®{?). 

(Pike, perch, salmon, trout, lake trout, rainboiv trout, myling. Miller's 
thumb, sandpike, walleye, burbot, barbel) : Diphyllobothnum latum 
sparganum. 

Mosquito {Culex fatigans, C. mpiens, Aedes aegypti, A. variegalus, A. iogoi, 
Mansonia pseudolitlilans, M. mtfomns. Anopheles albimnnus, A. rossi, 
A. costalis, A. algeriensis, A. nigerrimus): n'uclierena 6ancro/ti micro- 
filaria. 

Fly (Ckrysops dimidiata (mango fly), C. silacea): Loa ha microfilaria. 

Gnat (Simtium damnosum): Onchocerca tolvulus microfilaria. 

Crab and crayfish (Astacus japonicus, A. simxKs, Eliocheir japonicits, E. 
sinensis, Polamon dehaani, P. oWusipcs, Paratkelphusa sinensis, jSesanna 
dekaani, Pseudothelphusa tlurhei).' raragonimus uestermani cercari® 
Cyclops {Cyclops brevispinosus, C. prasintM, Diaptomus gram’lis, D. oregon- 
ensis); Diphyllobothnum latum procercoid larv®. 

{Cyclops quadricomis, C. slrenuus, C. mridis, C. 6in«pi‘dolu8).‘ Z>rfleuneu' 
lus medinensis Ian®. 

Snail {Parafossarulus striatulus, Bithynia fuchsiana, B. longicomis): Clon- 
OTchis sinensis ova. 

(Afelania liberlina, M. muUicincla, M. nodtpercia, M. obliquegranosa, 
M. paucicincta, M. tubereulalus): Paragonimus westermani cercari®. 
(Spp.?) : EckinosUma ilocanum. 

(Builtnus dybowski, B. coniortus, B. tnnest, Pkysopsis africana, Planorbis 
metidjensis var. dufouri): Schi^osoma hematobium cercan®. 
{Katayama nosophora, Oncomehnia hupensis, K. formosana): Schisto- 
soma japonicum cercari®. 

{Planorbis boissyi, P. pfeifferi, Pkysopsis africana, Planorbis sudanicus, 
P. olivaceus, P. centrimetralis, P. guadeloupensis): Schistosoma man- 
soni cercari®. 

{lAmnea spp., Ampullaria Ivteastoma, Isidora tropica, lAmnea vialrix): 
Fascioh hepatica cercari®. 

{Planorbis canosus, Segmentina nitidella, S. schmackeri, S. hemisphceruld): 

Fasciolopsis buski cercari®. 

{Mugil cephalis): Heterophyes heterophyes Ian®. 
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Tlie only liiiinan liolininths ^vliicli live a completely closed para- 
sitic life ill an niiiinal body are tlic autoiiifectivc pencratknis of 
Enterobins tcmiailum and llymenoleins naun. Tlic nearest aj)- 
proaeli to tliis state in tlic remainder of tbese piarasites is found in 
Loa Ina, Oncliocercii wh'nlit.t and If'tteAerrrin bancrofti- In these the 
parasite is taken up directly by the biting insect and carried in its 
i)ody fora time and then depositeil on the skin of the new host during 
the act of biting. The microfilaria remain on the skin so short a 
time that they arc subjecteil to little environmental hazards other 
than the danger of being bmshe<l oflf or washe<i away before they 
have ha<l an opportunity to penetrate (he skin. 

All other helminths possess some one or more stages outside of 
animal hosts during nhich their survival is imperiled. These stages 
are reprcscnteil by eggs or free-living larval and developmental 
forms (miracidia and ccrcariit). 


Helminths 'Which Uberate Eggs Into the External Environnient. 


Aneytoslomn hraiiliemc 
Anq/Joftoma duodfnale 
AkoHs lumbneotdei 
Clonorcht$ «nen«s 
Dioclophume renale 
Dijihynobolhriwn lalum 
Diphylloboihrium rnonsont 
Dracuneulua mtdintnsit 
Echinococeua granulosun 
Echinosloma t/ofnnum(^) 
Enlerobitia vermiculana 
Foiciola hepalica 
Fasdolopan busld 
Gasirodiscoidea hominia[T) 


JlcUrophrjes helerophyea 
flymtnolepts nana 
Neeaior arnencamn 
OphthoTchii Jelineiis 
Opiilhorchit viotrrini 
Parayoniinvi u'ettermoni 
Schistoaoma hmatobium 
Stkiitasovta japonieum 
Schittosorna mantoni 
Sttongi/loidca stmoralia 
Taemn aafpnata 
Txnitt eotium 
Tnckoctphnlua trichinris 


The concentrated, undiluted fecal mass is unfavorable for the 
development and hatching of the eggs of Ancyloatoma, Necator, 
Ascaris, Clonorchis, Fasciola, Fasciolop-ns, Schislosoma manaoni, and 
Trichocephalua. Acidity, lack of oxygen, and the action of bacteria 
are the primary factors involvc<l- Subsequent dilution with water 
e\’en after several neeks permits those which have surrived actual 
destruction and deatJi of the embrj-o to become active and hatch. 
The eggs of Trichocephalua irichiiiria are liighly resistant to drying 
and oxygen lack and remain viable for months or years. 

Excess water is highly unfavorable to the further gronih of the 
embryo in Ancylustoma and Necator eggs, but favorable to those of 
Schistosoma japonieum and 5 . manaoni. Fasciola and Fasciolopns. 

The ova of AncyJostoma and Necator are killed by excessive sun- 
light and highly saline media. 

Diphyllobothriinn eggs are highly resistant to all external 
influences. 
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Helminths With Free-liwng Larvm in Soil and Water. 
So9. 


Ancyloslojna braaliense 
ATiajlostoma duodenalc 
Necaior americanus 
Echinococcus granulosus 
Hymenolepis narui 
Strongyloides slercoralis 
Trichaxphalus triehiuris 
Trichinclla spiralis 


Water. 

Dioclophyme renale 
Clonorchis sinensis 
DiphyllohothHum laium 
Dracunculus medinensis 
Opislhorchis felineusi?) 
Opisthorchis viverriniif) 


These larvje can survive in their opposite media for limited lengths 
of time, but while there have less chance of meeting a favorable host. 


Helminths With Free-living Miracidia and Cercarise in Water. 

Fasciola hepalica Faseiolopsis buski 

Paragonimus tcestermani Schielasoma japonicum 

Schisiosoma hemalobiutn Schistosoma mansoni. 

Drying is fatal to the larvte of all of these species. A certain 
amount of moisture in the soil is necessary for tlje lar%'{e Jiving best 
in that medium, and the miracidia and cercaria of the water forms 
must have sufficient water in which to swim to their intermediate 
hosts. Flood water is also a hazard to all forms, for the soil-living 
Jar\’» are then forced into their less favorable medium and the 
probability of the water forms being able to complete their life cycle 
is dangerously lessened. 

With the exception of Sirongyloides sUrcoralis which can inter- 
polate a new generation in the free-Hving stage the members of the 
above two lists must find a new host within a relatively short period 
of time or die out. In the meantime they are subject to the possi- 
bility of destruction by other animals. Summing up all of the 
hazards in the interval between host and host, the free-living exist- 
ence is extremely precarious and probably few of the total number 
which are hatched successfully ever reach a new host and complete 
their life cycle even that far. 

Many of the lower forms of animals which act as intermediate 
hosts are also open to destruction by adverse circumstances in their 
environment. Tin's applies to the hosts not only of the "open” 
types of parasites but also to those whose whole existence is spent 
within a host. The ecology of the hosts is too large a subject for 
more discussion in this work, but a knowledge of these animal rela- 
tionships is essential to an understanding of the epidemiology of the 
helminths. 

ARTHROPODS. 

Among the arthropods, Cimex lectufaris, Cimex hemipfenis, Pedic- 
ulus htmanus, Phlhirius inguinalis, Pulex irritatis, Sarcoptes scabiei, 
Demodex fo[licitlorum{f) and some Of the mosquitoes, are the only 
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ineinbcre wlildi shownnyrcal apcdfic adaptations to the Iiuinan host. 
All of the others can and most often do jiVc entirely independently 
of man. When they parasitize the human they do so accidentally 
and succecil in their parasitism because the materials and tissues 
of the host which they invade are similar enotiph to those of their 
natural habitat to furnish satisfactory nutritive media. This is 
particularly true of the parasitizinf; llie^ whose larvte develop in the 
contents of the intestinal canal, accessory sinuses, nose, eye, ear and 
open wounds on the skin, and the biting insects which can utilize 
huiiian hlootl. 

These remarks do not imply that the parasites are only sapro- 
phytic. On the contrary, the developing larva: and iniagos possess 
certain vital processes to be considered later which are distinctly 
harmful to the host. 

Phlhirhi^ int/uiiuilLi, Pcdiailus huuinniis capitus and Snreoplea 
scabiei nrp the only ttrthropo<ls whose whole life cyeic can be carried 
on completely on the tissues of man. Their eggs hatch and the larvm 
develop on or in the akin or hair an<l the adults reproduce in the 
same location. At times the adults may l>ec-omc attached to clothing 
and be temporarily removc<l from human contact. 

Perlicvlu9 humanua corjwris and Pulex inifans carry out their 
cj cle on clothing and attach themselves to the skin only during the 
act of biting either as larva: or adults. 

Still farther removc^l from man are Ciinex Icclularia and Cimex 
limipterus, which breed in localities inhabited by man and in close 
proximity to him. They live almost entirely on human blood but 
are attaclicrl to man only while obtaining tin’s nourishment. 

The mosquitoes, especially the domestic varieties, can and do 
utilize animal blood, hut appear to prefer man when he is available. 
This may be a specific adaptation correlated with their breeding 
habits. They are therefore relatively dependent on man. 

Ticks and mites do not require human hosts, 'niat they ever 
occur on man is accidental in that he has pl.aced himself in their w ay 
at a time when the.\ require*! a blood-rneal. 

Tlie biting flics (CTas«'«rt) prolwbly use wild or rioinestic animals 
under most conditions, but bite man at times and become dependent 
on him only to the extent to which man is the more available host. 

For a review of tlie cotomott Uaivitaitions of tl«ae occasional 
parasites the reader is referred to the list of their environmental 
loci on page 407 ff. 

The eggs and larvie of the group most intimately’ confined to man 
are destroyed by high temperatures (70° C. (15S° F.) moist heat 
for thirty minutes; 55° C. (121“ F.) dry heat for five minutes). 
Their optimum temperature, 32“ C. (89.6“ F.) is about that of the 
body surface under the protection of clothing. Adult PedievU and 
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Phthiriiis ingiiinalh will desert their li(»t during fever. They do 
not survive longer than three weeks on clothing removed from man. 

The bedbugs (Cimex) can sui^dve long periods witliout food, but 
are preyed upon in their hide-outs in cracks and crevices by red 
house-ants and cockroachts. All stages of the bug are instantly 
killed by scalding water. 

The various forms of mite larvse, while attached to and buried in 
the skin, are effectively protected from mechanical dislodgment. 
The immature forms and eggs in the soil are subject to decomposi- 
tion by soil organisms and ingestion by insectivorous animals. The 
presence of these and adult forms on grasses, grains, fruit and vege- 
table products submits them to many changes in their physical 
environment which inhibit their development and may actually 
destroy them. On these locations they are easy prey to their 
natural enemies. 

The prolonged life c} cle of the tick exposes it to such a wide vari- 
ety of baneful influences that they cannot be enumerated here. A 
point of great importance, however, is the ability of the nymph to 
survive the winter buried in the ground. The larva? and adult ticks 
attach themselves to so many varieties of animals that there is 
practically always an available host. 

Specific requirements among the mosquitoes determine the selec- 
tion of specialized locations for oviposhion and the development of 
larvse and pup«. 

Anopheles requires relative still, clean natural waters in which 
there are water plants; Aedes prefers perfectly still water which may 
even be stagnant; Cnlex breeds in dirty and even sewage-contam- 
inated water. Anopheles larv® possess a short siphon and are, 
therefore, unable to develop in water with a surface film of oil which 
the siphon cannot penetrate. 

Warmth is more favorable to the growth of the larvie and pupas 
than cold, although the eggs and larvse can exist through a winter 
season and can even retain thdr viability after freezing. 

Excess rainfall during the stage when mosquitoes are beginning 
to multiply in large numbers in the early warmth after winter is 
detrimental to the ecologic balance bedween the jwu/tg develop- 
mental forms and their aqueous environment. Flooding causes 
their W’ide dispersal and a disturbance of the calm state which they 
prefer. A succession of light rains at the right season, on the other 
hand, keeps up a constant source of standing water under ideal 
conditions for repeated generations of new mosquitoes. 

The chief natural enemy of the mosquito is the top minnow’, which 
feeds on the insect during its aqueous stages. These and other 
small fish live in the still back-waters among the grasses where the 
mosquito is most abundant. They are mostly top feeders. The 



cominojiest are5 Gamhusia mollierisa, Girardinus j^teciloidei ("mil* 
lions"), Girardinus formoaiii. llaplochihis graltami, llajdochilus 
bifa.tcialii.'!, and otlier members of the genera Cyprinodon, Amhassis, 
Trichogaster and Barbus. Mosquito pup® arc also food for beetles, 
water-bugs, <lragon-fly larv® and aquatic and wading birds. 

The adult mosquito can survive cold iKrasons of several months 
duration by hibernating in an Inactive state in sheltered spots. The 
more common method of spanning the winter is by oviposition in 
locations where water will be assured with the return of warm 
weather. Iiar^•{e, less frerjuently, can survive the cold if they are 
well protected, but pup® cannot endure these temperatures. 

Natural enemies of adult mosquitoes are the bats and other night- 
prowling insectivorcs, birds, spiders, lizards, mantids, dragon-flies 
and other predatory forms of small animal life. 



CHAPTER XLI. 


THE ACQUISITION AND PORTALS OF ENTRY OF 
PARASITES. 

Whether the life history of a parasite outside of man be brief 
and direct or prolonged and indirect, the main interest to man is 
the source in the immediate environment from which he acquires 
it. This in no way detracts from the importance of knomng the 
life history of the parasite antecedent to its final approach to man, 
but on the contrary frequently points to one or more circumstances 
in the parasite’s existence where it may be open to attack. 

In general, parasites arrive in proximity to roan as a result of 
their own activities (biting insects), by their transmission within 
or on the bodies of other organisms which carry them to man, by 
their presence in or on materials brought into intimate relation 
with their human host, or by direct contact between their human 
host and another one susceptible to them. 

The loci in the environment of all pathogenic parasites have been 
noted in the systematic review in the pret^ing chapter. It is now 
possible to select those loci which are concerned with the immediate 
approach of the parasites to man and so arrange them as to bring 
together the divergent forms of organisms under their common 
sources. This listing is made for practical purposes in order that 
information may be readily available on what organisms are obtained 
from similar sources. 

A. ORGANISMS TRANSMITTED DIRECTLY FROM MAN TO MAN. 

1. Infection of Ovum or Spermatozoon.— Although the idea has 
long been held by many that the ovum can be directly infected by 
the spirochete of syphilis either from the maternal tissues in which 
the ovum develop^ or by impregnation by a spermatozoon bearing 
Treponema pallidum it has never been confirmed by experiment. 
Nor has it so far been proven impossible. Jeans' says, “ In order 
to assume direct paternal transmission to the ovum, it is necessary 
to assume also a life cycle (of Treponema pallidum) in which a spore 
stage or something similar exists. Such an assumption is entirely 
unnecessary to explain the known facts and is unsupported by any- 
thing which could qualify as proof.” Infection of the ovum in situ 
• Jeans, P. C., in Brennermann’s “Practice of Pediatrics," 2, 26, 1936. 

28 ( 433 ) 
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rests on much more reasonable grounds, but this too needs confir- 
mation. 

No Ollier infectious or parasitic agents of disease are believed to 
be borne by the germ-plasm in man. 

2. Transplacental Infection. 

Baciilua n-ntArom— one case rejKirtcd. 

Mycobaciennm hibereuloais—roTcly. 

Mycohacteriuni /epra*— rarely, if at all. 

PaskureUa unbnowTi organisms causing endocarditis. 

TTcponemn palliflum. 

Borrelia rcctmenlia. 

Smallpox virus. 

Measles viriis(7). 

Mumps virus. 

Yellow fever virus. 

PhswotUa of malaria. Generally concoied to be possible 
if there is an abnormal breach in the placenta. 

Schxatoaomea. 

donorani.* * 

TrypmoiQmcs{1). 

Anajhitoma and Nfcator —wandering hirvie. 

Ascaris /HmirjcoWea*— wandering larvte. 

The placenta is an efficient filter against nmst organisms circu- 
lating in the maternal blood. It appears that only tissue invaders 
such ns spirochetes and wandering larva? can pass normal, unbroken 
placental barriers. The still unknown nature of the viruses makes 
it idle to speculate at this time on the mechanisms of their trans- 
mission to the fetus. 

.3. Acquired by Immediate Contact -with Human Sources.— 
Although it is difficult to set up arbitrary limits which will differ- 
entiate strict contact origins of palhogenic organisms from tlie 
almost direct sources from freshly contaminated materials, it seems 
necessary that this be done. So much of the understanding of 
contact infection is owed to Chapin that there is considerable reluc- 
tance in separating his category Into two divisions. Nevertheless, 
modem interpretations of epidemiologic phenomena must adliere 
closely to the facts, and these point to the necessity of distinguishing 
between absolutely immediate contact and relatively immediate. 
In this section only tliose organisms will be consi<lercd which are 
taken up by one human through intimate and direct contact with 
the infected parts of another. 

' Low, G. C . and Cook. W B Uiirel. U, 1200, 192Q 

* llindle. E Proe. Iloy. Soe. Med , London, 103, 599, 192S 

* Faust, E C.. and Kmg, E L Discussion in '•Fotal, Newborn, and Maternal 
Morbidity and Mortality.” Committee on Medical Caro for Children, White House 
Conference, New York, D Applefon-Centuiy Company, 1933. 
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Acquired during birth from the birth canal. 

Diplococcus jmeumonicE~one of the earl}' contaminants of the 
nose and throat which go to make up the normal bacterial 
flora of these regions. 

Mycobacterium tuberculosis hominis — has been reported gaining 
entrance through the placenta at the time of its separation. 

Neisseria jonorrAea;— commonly infects the conjunctiva of the 
new-born and is a cause of ophthalmia neonatorum. 

Staphylococcus spp.— original member of normal bacterial flora 
of skin. Ma}- infect conjunctiva and umbilicus. 

Streptococcus spp.— original member of normal bacterial flora 
of the skin. May infect conjunctiva and umbilicus. 

Treponema pallidum — from a fresh lesion in the motlier in case 
where the infection is acquired so late in pregnancy that the 
fetus has not yet been infected. 

Plasmodia of malaria— may first gain entranc-e to the fetus at 
the time of separation of the placenta. 

Acquired post-natally. 

Bacillus antAroeij— direct infection from contact with malig- 
nant pustule. Surgeons, nurses, attendants. 

Clostridium kistolyiicum— from contact with gas gangrene 
lesions in man through open lesion in skin. 

Clostridium noryt— from contact with gas gangrene lesions in 
man through open lesions in skin. 

Clostridium adematis’maligni—from contact with gas gangrene 
lesions in man through open lesions in skin. 

Coryncbactcrium diphtheriee— through intimate contact as in the 
act of kissing. 

Diplococcus pjietijjiom'cr— transference of normal flora of mouth 
in acting of kissing. 

Fusiformis /iw/fonnw— transference from mouth to mouth 
through kissing. 

Hemophilus ducreyi — organism in soft chancre most often 
acquired by contact during sexual intercourse. 

Klebsiella yramdomatis — from direct contact with lesions of 
granuloma inguinale, probably only through broken skin. 

Klebsiella 2?neu7«OTiia— possibility of exchange of bacterial flora 
of mouth in the act of kissing. 

Loeffierella mallei — from direct handling of human lesions. 

Mycobacterium lepra — unknown. Possibly from intimate hu- 
man contact, especially in children. 

Mycobacterium tuberculosis hominis; M. t. bovis — from contact 
with human skin and other lesions opening externally. 

Neisseria gmiorrhece—irdection of mucous membranes by con- 
tact with infected mucous membranes. Sexual intercourse, 
perverted practices, infected material in eyes of medical 
attendants and others. 
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PasteureUa tulareniis—Irom contact with siirfac-e lesions. 

Stiiiihiih/cocciia spp.— Imiimn contacts after birth are constant 
sources of body surface contamination. May enter directly 
i)y way of shin when n breach in the skin is brought Into 
contact witli a human source, 

Strcptococcua crv.»ipe/n/i»— direct contact of broken skin with 
lesions of cr^i’sipclas. 

Slreptococcua pyorjenca (vars.)— broken surface contact witli 
suppurative lesions. 

Strephcocciia scarlalina— contact with nasal mucus and sputnni- 
contamijjated skin of a scarlet fever patient. Transference 
from mouth by kissing. 

Font and Mouth IMseasc virus— directly from human lesions. 

Lymphogranuloma Inguinale virus— scxunl contact. 

Jfolluscuni Contagutoum virus- directly from human lesions. 

llnhies vims— bite or direct contact with saliva as in kissing in 
an active case. 

Vaccinia virus— direct transnimion by contact with lesions. 

Variola vims— possil>ly by contact but tmproveii. 

Varicella virus— possibly by contact btit unproven. 

Common Cold virus— direct contact of mouth parts with nasal 
discharge and spxitum of active cases. 

J'reponma palliduvi—d'iTcct contact with open surface lesions 
—skin; mucous membrane of genitalia, mouth, nose, anus. 
Most fre<iuently by sexual intercourse, nursing infants, 
kissing and human bites of syphilitics. 

Treponema pcr/cjit/w— direct contact with skin and mucous 
membrane lesions of yaws. 

Treponema vincenf i—transferra] of normal bacterial flora of 
mouth in act of kissing. 

vlcftorion seftonfeinti— fmm contact with scalp of human favus 
cases. 

JHaatomyces (krviatitidU— from open skin lesions anti probably 
only through broken skin. 

Coccidioulea immilia—fiom open grauulomata and probably 
only through l)rokcn skin. 

Endodcrmophjton, spp.— os far as known, only by direct con- 
tact w itli tinea iinbricata. 

Ilormodendron, spp.— unknown, but probably by contact with 
human skin lesions. 

Sporotrichum, spp.— probably only by contact with organisms 
in open gummatous lesions of sporotrichosis. 

Actinomyces madurcr—ahhongh it is demonstrated only in man, 
this organism may nt»t commonly be transmitted by direct 
contact with open lesions. 

Entcrobius vermiailaria— contact source only by auto-relnfec- 
tion from self-contaminated fingers. 
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Pediculus huvianus capUis et cor/wrw— head and body lice trans- 
mitted by direct contact. 

Phtkirius mguinalis—cmhAousc transmitted by direct contact. 
Pulex zrritoTW— Iminan flea transmitted by human contact. 
Sarcoples 5co&ici— itch-mite transmitted by human contact. 


B. ORGANISMS ACQUIRED FROM FRESHLY CONTAMINATED 
SOURCES. 

These sources constitute the recently contaminated fomites. The 
distinction between the infective materials on these and the follow- 
ing subdivision (old contaminations and indirect sources) rests on 
the state of the organisms concerned, that is, they have not under- 
gone any changes produced by drying, spore formation, or life-cycle 
outside of man, and the materials on which they occur have been 
directly and not secondarily contaminated. The use of the word 
“freshly” connotes a short time interval between the moment of 
their contamination and their acquisition by a new host. This 
time interval may even be momentary, but the fact that it exists 
indicates the possibility that it may be prolonged to the disadvan- 
tage of the organism. 


1. From Contaminated Dressings, 
Supplies and Accessories. 

Bacillus anthracis 
Clostridium, spp. 

^ Corpnebacteriurn diphtherur 
Eberthella iyphi 
Escherichia coli 
Klebsiella granulomatis 
iMefferella mallei 
Mycobacterium tuberculosis, vi 
Neisseria gonorrhece 
Pasleurella tularensis 
Pasieurella pestis 
Salmonella paratyphi 


Medical Instruments, Sick Room 

Staphylococcus, spp. 
Streptococcus pyogenes 
Streptococcus erysipelatos 
Vibrio cholerce 

Foot and Mouth Disease virus 
Smallpox virus 
Treponema pallidum 
. Treponema pertenuis 
Blastomyces dermatitidis 
Madurella mycetoma 
Sporoirichum, var. 

Leishmania tropica 


2. Flora Goatatoin&ted Bedding, Toilet Artielea, Haadkerehiefa, 
Eating Utensils, Towels, Toothbrushes, Lipsticks, etc. 


Corynbebacterium diphtheria’ 
Eberthella typhi 
Mycobacterium tuberculosis, vr 
Neisseria gonorrhea 
Pasteurella pestis 
Shigella dysenteries, vars. 
Staphylococci, vars. 
Streptococcus pyogenes 
Streptococcus erysipelatos 
Streptococcus scarlatinee 
Vibrio cholerce 


Smallpox \drU3 
Varicella virus 
Common Cold virus 
Mumps virus 
Treponema pallidum 
Treponema pertenuis 
Treponema Tincenti 
Achorioii schonleinii 
Epiderviophyion inguinale 
Mierosporon, vars. 
Trichophyton, vars. 
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3. From Contaminated Personal Articles: Books, Toys, etc. 

Corynehactcrium diphthcritr Common Cold virus 

Slreplococciis scarlatina Mumps virus 

Smallpox virus Treponema palUdum 

Others from list No. 2 far loss commonly. 

4. From Articles Used by the Public; Toilets, Common Cups, 

Eating Utensils, Public Baths. 

Mycobacterium tuberculinis,vaTs. Treponema pallidum 
Keisscrin gonarrhecr Treponema vineenti 

Streptococcus ery.^ipetafns Molluscum contagiosum virus 

Common Cold virus Monilla alhicaus 

Trichophyton, vars. 

5. From Contaminated Articles 
Eberthella typhi 
Loejflcrella vuillei 
Nemeria gonarrhea 
Shigella dyicntericr 
Staphylococcus, var. 

Streptococcus pyogenes 
Sireplococats crysipelntos 
Vibrio cholera: 

Smallpox virus 

G. From Contaminants From Fresh Animal Sources. < 

Dacillus anl/irrtos— fresh blood. 

Brucella ahortus—hesh bIoo<l, placenta, fetus, vaginal dis- 
charge. 

Brucelln mcllitensis—fre^h blood. 

Mycobacterium iuberadosis bods— inlfxied udder. 

Streptococcus epidemieus—'mheted udder. 

Strepiococais scarlatina— inketed udder. 

Foot and Mouth Disease virus— animal lesions. 

Rabies %nrus— tears, saliva, nasal discharge. 

Rift Valley Fever virus— infected sheep tissues. 

Verruca Vulgaris vims— infectwl udder(’). 

7. From Contaminated Expiratory Droplets. 

Corynebacteriuvi diphtheria Streptococcus epidemiais 

Diplococcus pneumonia Streptococcus scarlatina 

Hemophilus infiiienza Psittacosis virus 

Hemophilus pertussis Common Cold virus 

Klebsiella jmeiinionia Mumps virus 

Mycobacferiuni iuberndosis hominis Poliomyelitis virus(?) 
Neisseria intracellularis Epidemic Influenza virus 

Pasteurella pestis Jleasles virus 

Pastevrella iularensis 


of Clothing. 

Conunon Cold virus 
Treponema pallidim 
Treponema pertenvis 
Epidermophyion inguinalis 
Vediculus humanus capitis 
Pedicidus humanus corpon> 
Pkihirius iriguinaUs 
Trichophyton, spp. 
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C. ORGANISMS ACQUIRED FROM INDIRECT, IMMEDIATE 
SOURCES. 

This classification includes all pathogenic organisms ■which can 
exist free in the environment or in animal hosts. 

Among the bacterial oi^nisms are all those which can resist 
death through relath ely long periods of time. It excludes those 
whose existence outside of man is limited to a few hours under nor- 
mal conditions. Some of these latter, however, may under very 
favorable circumstances resist those factors which are ordinarily 
rapidly fatal to them. ^Vhen this is believed to be the case in any 
organism it will be included, but, when doubt exists, the fact vdlf 
be noted with a question mark. 

There is so little known about the existence in nature outside 
of man of many of the fungi that it has seemed wise to list only those 
about which some information is at hand. 

Because this classification is based on the ultimate link in the 
natural history of parasites as they are brought finally in contact 
with man, the form in which they are presented at that moment 
must necessarily be ti»e infective stage of the organism. This may 
be the egg, larva, nymph, oercaria, sparganum, cyst, spore, or the 
fully developed adult. For the sake of brevity the infective forms 
have not been repeated in this Hst, but the reader will find them 
outlined in the descriptive text under each organism in the list on 
page 305. 

1. Entering by Way of the Skin and Superficial Mucous Membranes 
(Contact and Inoculation). 

From dirt and soil: 

Bacillus antkracis Coccidioides immiiis 

Clostridium histolytinim Madurella Tnycetoma{J) 

Clostridium novyi Actinomyces madwr®(?) 

Clostridium (pdeviatis-maligni Ancylostoma braziliense 
Clostridium tetani Ancylostoma duodenale 

Clostridium welchii Nccator americanus 

Diplococcus pneumoni(c Strongyloides stercoralis 

Escherichia coli Cutaneous myiasis-producing 

Mycobacterium /epr£r(?) flies 

Leptospira icterohccmorrhagica Leptus autumnalis 

Tnmbicula akaviushi 
From growing grasses and vegetation; 

Bacillus antkracis Omithodoriis talaje 

Clostridium cedematis-maligni Pediculoides ventricosis 

(fruit) (grain and straw) 

Clostridium tetani Rhizoglyphus parasiticus 

Blastomyces dermatilidis (tea gardens) 

(rotting wood) Troinbicula akamushi 
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I‘’rom growing grasses and vegetation: — {Continued.) 
Bemaccnior andersoni Trambxcuh schuffneri 

Dermacenior tariahiUs (tolmcco) 

Glosshia falpalis Tromhleuh ddincnsis 

(ilossina vioTsUans (palm oil plantations) 

Leplus anlimnalis Tyroglyphts lonyior 

Ornilhodoriis movhaia (copra and vanilla) 


From live animal sources: 
Co7T/7iftnclcrium diphlkeria{i) 
(organisms from animal sources 
not proven identical with hn* 
man pathogens) 
laeJJlenUa mallei 
(equines) 

Dorrelia minv-i 
(rat-bite) 

Leptospira hebdomadia 
(mouse urine) 

Trichophyton equimm 
(horse) 

Trichophyton felineim 
(cot, dog, horse, cow) 
Trichophyton yrativlosum 
(horse) 


Tjcprospira ieterohaviorrhagica 
(mouse and human urine) 
Rabies, virus 

(canines, felines and others) 
Aehorion galUna 
(birds) 

ificroaporum fuhnm 
(motise) 

Microsportim lanoaiim 
(dog and birds) 
Trichophyton menlagrophytea 
(horse, con-, dog, sheep) 
Trichophyton megnini 
(fowl and pigeon) 


From animal products (not taken as food): 

Itacillua anthrada (hides, furs, wool, hair, etc.) 

Jlrwcrlfo flhoriwa (hog products) 

Clostridinm notyi (sausage makers ami handlers of animal metSt 
refuse) 

raatenrella tularensia (rodent and other small animal hides, pelts, 
fur, hair, meat, blood) 

Streptococcus hemolyticus (meat handlers) 

Cutaneous myiasis-producing flies (old meat, carcasses, exposed 
meat foods) 

Rift \’alley Fever virus (hanjlling infecte<I sheep tissues) 

I'rom c-ontaminated bathing and washing water, field water, soil 
water, sewage and drain water: 

Clostridium welchii Sehiatma wansoni 

heptospiTa icterohamorrhagiea Artcylosloma duodenale 

Staphylococcus, spp. Necaior amencanvs 

Evdamirbu hisiolpiica Aed^, spp. 

Schtsiosoma hevialobium Culex, spp. 

.Sc/u'slosoTOn japoTiicum Anopheles, spp. 



ORGANISMS ACQUIRED FROM INDIRECT SOURCES 441 


By insect transmission: 

Bacillus anlhracis (by blood-bucking insects?) 

Bartonella bacilliformis (sandfly?) 

Escherichia coli (flies) 

Eberthella typhi (flies anti cockroach) 

Mycobacterium lepra (bedbug? and cockroach?) 

Pasteurella tiilarensis (ticks) 

Shigella dysenteria, spp. (flies) 

Streptococcus hemolyticvs (flies) 

Staphylococcus, spp. (flies) 

Vibrio cholera (flies and cockroach) 

Varicella rinis (flies and other vermin) 

Yellow Fever virus (Aedes mosquitoes) 

Dengue Fever virus (Aedes and Ciilex mosquitoes) 

Pappataci Fever virus (sandfly) 

Poliomyelitis virus (insect transmission suspected only) 
Dermacentroxenvs ricketisia (ticks) 

Rickettsia nipponica (Japanese K^ani mite) 

Rickettsia proicazeki (body louse and rat flea) 

Rickettsia quintana (Ixidy louse) 

Borrelia recurrentis (ticks, bedbug and body louse) 

Treponema pertenuis (flies) 

Leishmania donovani (sandfly) 

Plasmodia of malaria (Anopheles mosquitoes) 

Trypanosoma cruzi Panstrongyhis wegisius) 

Trypanosoma gambiense (tsetse fly— ixilpalis) 

Trypanosoma rhodesiense (tsetse fly— morsitans) 

Loa ha (mango fly) 

Onchocerca tolvulus (buffalo gnat) 

Wuchereria bancrofti (Aedes, Culex and Anopheles mosquitoes) 
Dermatobia liominis (fly, tick and mosquito) 

From miscellaneous contact sources: 

Escherichia coli (on many articles of common use) 

Clostridium teiani (as a contaminant of surgical catgut, umbilical 
cord ties, and aniwai vaccines and sera) 

Clostridium welchii (ubiquitous on many exposed articles of com- 
mon use) 

Pasteurella iularensis (laboratorj' cultures) 

Staphylococcus, spp. (ubiquitous) 

Streptococcus pyogenes (ubiquitous) 

Epidermophyton inguinale (toilet articles) 

Microsporon audouini (toilet articles) 

Microsporon furfur (clothing) 

Microsporon xanthoides (toil^ articles— razors) 

Monilia albicans (nursing bottles and nipples) 
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From miscellaneous contact sources: — (Conimucci.) 
Tnchophylon, spp. (clothing— toilet articles) 

Cmex kclxilaris (beds, furniture and floors) 
llippchtes pusio (free-flying in human habitations) 
Hyphema bovt-t (eggs in clothing) 

Pedici<his fiimiflniM corj)ortsetni/>ifw (clothing) 
Phthimis ingidnnJis (clothing) 

Pulex initann (clothing, floors and furnishings) 


2. Entering by Way of the Respiratory Tract (Air-borne in Dust or 
as Droplet Ifuclel, Free or Attached to floating Particles. 
Fresh Infected Expiratory Droplets Excluded.) 


CJoatriAinm icelchii 
ietfoii 

Coryiitbadenmi di'j)fif/ieri(r(?) 
Hemophilus injlvenzeri?) 
Klebsiella pneumoniai?) 
Mycobaclerium tuberculosis 
hominis 


Staphylococcus, spp. 
Streptococcus epidemicus 
Streptococcus rtndfiHS 
Variola >-irus(f) 
Psittacosis virus 
Poliomyelitis vinis(?) 


3. Entering by Way of the Alimentary Tract. 

From contnminatetl fingers: 

Brucella abortus Salmonella aertrycke 

Brucella luelilensis Salmonella paratyphi 

Eberthella iyphi Salmonella sehottmiiVeri 

Escherichia coli Salmonella luphi-nttirium 


Mycolacienum tiiherculosis horn- 
inis et hovis 
Monilia albicans 
Balantidium coli 
Endanieba histolytica 
Isospora belli 
.iscaris lumbricoides 

In drinking water and t\ ater used 
Clostridium velchii 
Eberlhella typki 
Escherichia coli 
Salmonella aertrycke 
Salmonella pardtyphi 
Salmonella schoiimuUeri 
Salmonella typhi^murium 
Shigella dysenterice, spp. 
Streptococcus epidemicus 


Vibrio cholerce 
Enlerolnus vermicidaris 
Ilyntcaolepis nana 
Leptospira icferohamorrhagica 
Strongyloides stercaralis 


in the preparation of foods: 
Vtbrio choler(s 
Endameba histolylica 
xiscaris lumbricoides 
Fasci^a hepotica 
Dracuncidus medinensis 
Paragonimxis U'csterniani 
Schistosoma hemaiobinm 
Ildophilus penduhts 
Porocephaliis armillatus 
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In railk and dairj' products; 
Brucella abortus 
Brucella melifensis 
Eberihella iyphi 

Mycobacterium tuberculosis hom-^ 
inis et boris 
Salmonella aerirycke 
Salmonella fyphi-murium 
Shigella dysenieria, spp. 

On vegetables, fruit and saiads: 
Clostridium tvelcldi 
Eberihella typhi 
Shigella dysenteries, spp. 

Vibrio choleres 
Endameba histolytica 
Isospora belli et hominis 
Ascaris lumbricoides 
Echinococcus granulosus 

On meats and sea-food: 

Brucella abortus 
(pork?) 

Salmonella aerirycke 
Salmonella enterilidis 
Salmonella suipesiifer 
Salmonella iyphi-murium 
Balantidium coU 
(pork) 

Sarcocystis lindemani 
(pork, veal and beef) 
Clonorckis sinensis 
(fish) 

Dioctophyme renale 
(fish?) 

Diphyllobothrium latum 
(fish) 

Diphyllobothrium inansoni 
(fish) 


Streptococcus epidemicus 
Streptococcus hemolyticus 
Streptococcus scarlatinas 
Foot and Mouth Disease virus 
Rabies virus 
Poliomyelitis virus 
(suspected only) 

Monilia albicans 


Fasciola hepatica 
Fasciolopsis buski 

(caltrop and water chestnut 
corms) 

Sirongyloides siercoralis 
Trichocephalus trichiuris 
Intestinal myiasis-producing 
flies 


Fasciola hepatica 
(sheep and goat liver) 

lleterophycs heteropkyes 
(fish) 

Opisthorchis felineus 
(fish) 

Opisthorchis tiverrini 
(fish) 

Paragonimus westermani 
(crab and crayfish) 

Taenia saginata 
(beef) 

Tamia solium 
(pork) 

TriehineUa sjdralis 
(pork) 

Intestinal myiasis-producing 
flies 



CHAPTER XLIL 

THE PROCESSES OF INVASION AND PATHOGENESIS. 

TRtm parasiti&m implies a. living parasite on a living host. Each 
of the organisms concerned possess its full complement of life proc- 
esses and it is only by the exercise of certain functions of its total 
vital activities that parasitism is possible. Unless the phenomena 
associated with the host-parasite relationship remain as integral 
parts of the vital activities of the contributing organisms the process 
is not parasitism, but intoxication. 

The parasite and the host have evolved throiigli change and 
adaptation and their evolution has progressed under such associa- 
tions that each has been a factor in the environment of the other, 
Adaptation has permitted them to exist in each other’s presence ami 
in the case of the pathogenic parasite has alloned the parasite not 
only to live at the expense of its host but to do it harm. 

Recausc no host-parasite relationship is permanent but is severed 
by the death of one or the other of the principals or their separation 
by other means, it is evident that the host and the parasite must 
possess functions by which they can renew their relationship with 
other partners. The assumption of this relationship by the use nf 
certain vital processes on the part of each is termed mtcwion. 

The invading parasite (which Is also being “taken in” by the 
host) enters by way of particular host structures which up to this 
time have been in equilibrium. At the moment that a parasite 
which is genetically adapted to the host comes into contact with the 
particular host structures which it is able to invade a disequilibrium 
is created in the cells and tissues of the host. The processes of 
growth, metabolism, irritability and reproduction in the parasite 
affect the balances of the host and endanger them. That they do 
not necessarily disrupt them and produce irrevocable damage can 
only be due to a certain dcgri’c of tolerance possessed by the host 
cells to the specific character and amount of the forces tending to 
disturb them. ^Vhether the parasite gains a firm foot-hold or is 
completely tiiwarted in its invasion, these earliest changes in the 
host must be the starting points in the development of disease from 
parasitic agents. In looking backw’ard from the stage of the fully 
developed disease it is these earliest changes which must constitute 
the beginnings of pathogenesis. Malaria starts at the moment the 
sporozoites are libcrate<i by the mosquito into the host tissues and 
not with the first clinical manifestations of the disease, nor even the 
{444) 



THE riiOCESSES OF INVASION AND PATHOGENESIS 445 


invasion of the first red cell by a sporozoite; typhoid fever has its 
onset wth the entrance of the t^Tihoid bacillus through the intestinal 
epithelium; hookworm disease commences with the boring of the 
infective lars’a through the skin. 

In the foregoing discussion it has been assumed that the parasite 
has reached that portion or portions of the host anatomy that it is 
able to invade and in the proceeding section the parasites have been 
brought to the point of their first intimate relationship with the 
host. Between these two loci — the portal of entry and the point of 
invasion — lies a region full of hazards for the parasite and a zone 
of defense for the host. Among the bacteria and protozoa, few of 
the many which arrive at the portal of entry succeed in traversing 
the no-man’s land of primary body defenses. The character of the 
surface coverings — skin and mucous membranes — and the nature of 
the mechanical and chemical processes of the channels by which 
organisms gain entry to the interior cavities of the body are such 
as to remove most parasites or destroy them before they can attach 
themselves to their favorite sites. Even though this defense may 
take place in an almost completely closed accessorj- nasal sinus or 
in the recesses of the small intestine it is still “outside” the tissues; 
there has been no invasion and no pathogenesis; no cellular equilibria 
of the host have been disturbed and no disease has so far resulted. 

The large skin surface of the body must be constantly approached 
by inj’piads of pathogenic microorganisms and \ et the variety and 
numbers of these pathogens which constitute the normal flora of 
the skin is surprisingly few. Mechanical removal by air, water and 
friction accounts for the failure of many bacteria to remain on the 
skin but it is becoming exddent that there is some function of skin 
and its secretions which destroys in a relatively short time most of 
the organisms remaining on it. Arnold' and his co-workers have 
showTi that the normal skin reduces the number of Salmonella 
enteritidh organisms placed experimentally on the skin of the palms 
so rapidly that none could be recovered after ten minutes. Those 
bacteria which constitute the norma! flora — staphylococci and 
diphtheroids largely — cannot be entirely removed by the normal 
or any artificial processes of cleansing. 

It is generally assumed that this cleansing property is due to the 
bactericidal action of perspiration although this is not proven. 
Fleming’s lysozyme, a bacteriolytic substance found in many normal 
tissues and secretions, may account for some of the lytic activity 
of perspiration but Arnold and others incline toward the belief 
that most of the effect is due to the low pH of the normal skin 
( 5 . 8 - 5 . 22 ). 

Tlie horny avascular laj er of the skin is an effective mechanical 

* Arnotd. L., Gustafson, C. J , Montgomeiy, B. C , Hull, T. G , and Singer, C.. 
Am. Jour. Hyg . 11, 345, 1930. 
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barrier wliich excludes organisms from the next susceptible layer 
of cells below it and its vascular clmnnels. 

Although fungi probably never form a part of the permanent 
flora of the skin, the pathogenic forms can gain a temporary habitat 
on the surface untlcr favorable conditions of warmth and moisture. 
Dirt predisposes to their accumulation which is probably an index, 
of a lack of their removal by mechanical means such as washing 
and the use of soap. 

Among the protozoa, the leishmanias are temporary skin con- 
taminants but unless the conditions for invasion are present at the 
time they probably do not persist on the external skin surfaces. 
The same is true of Trypanostma enizi in the feces of the hug which 
harbors it and contaminates the skin. 

The skin penetrating larva* of Ancyloitorna brazilicnse, Ancy- 
loatovia (luodcnalc, Necator omericanus, Jjm loa, Onchocerca roleiilus, 
an<l ll'vehcTcria IxtnerofH and the cercarire of Schufosoma mansoni 
and Schiatoaoma japonicum cannot persist on normal skin unless 
they can very rapidly gain entrance to the deeper tissues. 

The ova of Enlerobina urmiailaria can resist drying for a long 
period of time on the perianal skin but the lar%’ie do not penetrate 
through this route. 

'\Yith the exception of Phlhtriua inyninalia and Sarcoptea acabiei 
no arthropod forms remain permanently on the surface of the skin. 
Their access to the skin is so nearly contemporarj’ with their 
invasion that a discussion of their activities will be taken up under 
the latter heading. Tlie eggs and larx’rc of cutaneous myiasis- 
producing flies are present in dead tissue products or secretions on 
the skin and it is from these media that they invade the skin if at all. 

The nose, mouth and pharj’nx arc lined with relatively resistant 
cells which are normally impermeable to most bacteria. In addi- 
tion, these surfaces are all moist with mucus or saliva which is in 
constant molecular movement across it or in actual strong fluid 
currents. Tlie greater part of the mucous membrane cells of the 
nose also possess cilia nhich aid in the transportation of particulate 
matter and formation of fluid currents. 

The posterior drainage of the nose and the suction and pressure 
forces between the tongue, gums, cheeks and palate combine to 
force bacteria-laden food and fluids baclnvard to the pharynx from 
where they are removed by sw'allowing. As in the case of the skin 
only those few organisms whidi are well adapted to survive in the 
nose, mouth and throat can obtain a satisfactory lodging and 
multiply to form the normal flora of the mouth. Occasional patho- 
gens can implant themselves on certain areas such as the faucial 
and pharyngeal tonsils and defects in the normal structures brought 
about by stich conditions as hjirertrophied turbinates, ill-drained 
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sinuses, carious teeth, hyperplastic or otherwise diseased tonsils, 
foreign bodies, malformations and injuries of many kinds. 

The deeper recesses of the respiratory tract from the larynx to 
the alveoli of the lungs are also lined by moist secretions. A large 
part of the bronchial tree possesses dilated epithelium which moves 
fluid-borne particles toward the exterior. This motion is probably 
aided by the aerodynamics of respiration and the respiratory 
movements of the Jung and bronchial tissues themseJi’es. Although 
there may be many varieties of organisms present in the bronchi 
at any moment, these organs are relatively sterile as regards perma- 
nent bacterial flora. 

The fungi, Blastomyces dennatiiidis, Coccidiodes immitis, Tontla 
histolytica and Actinomyces asteroides can penetrate the deeper air 
passages as spores in the same way as bacteria and dust particles 
and are subject to the same mechanisms of expulsion. Monilia 
albicans can grow on the surface of the mucous membranes of the 
mouth and Rkinosjyoriditim seebcri carried into the nose may take 
lodgment on the membranes. 

No pathogenic protozoa or helminths enter through the respira- 
tory tract, although the larvte of Aneylosloma, AVonfor and AscarU 
and the lung fluke Parogonimus icestcmanni may be found there 
after having entered by some other portal. Larvse of Sirongyloides 
stercoralis can invade from the mucous surfaces of the mouth. 

There are no bronchial or pulmonary approaclies for any of the 
arthropods but rhinal myiasis-producing flies may deposit their eggs 
and the larvie on the mucous membranes of the nose. Under 
favorable conditions the larvas may penetrate the accessory nasal 
sinuses and auditoiy' canal. 

The stomach and intestines bear the brunt of disposing of all 
organisms which gain entrance to the nose, throat, mouth and pul- 
monary areas and from which regions they are being continually 
removed and swallowed with saliva. 

Few of the pathogenic bacteria survive passage through the acid 
juices of the stomach and duodenum in its normal concentration of 
hydrochloric acid. Those which resist the action of the acid are 
largely the verj' organisms whose special affinity is for the intestinal 
mucosa. It is probable that bulky foods and large volumes of fluid 
are able to protect bacteria in their passage through the acid-bearing 
regions. Once in the alkaline succus entericus the survivors are 
free to multiplj' and form the normal flora of the intestine. Ab- 
normal processes of secretion and motility of the gastro-intestinal 
tract may so alter the acid-alkall relationship and the length of 
time to which bacteria are exposed to more or less favorable media 
that this defense may be weakened or strengthened against the 
alimentarj' pathogens. Eesearches of Goldsworthy and Florey,^ 

> Goldsworthy, N. E , and Florey, n.; Bnt. Jour. Eip. Path., 11, 192, 1930. 
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and Arnold' on tlic role of Ij’sozyuie m the btoinach and intestines 
have been inconclusive insofar as man h concerned. 

Among the protozoa which enter by way of the gastro-intestinal 
tract the oocyst of laospom belli and f.hominu, cysts of lialantidhm 
colt, and Endamtcha histolytica and viable sjjores of Sarcocystis 
lituiemanni are the only forms of these organisms able to survive 
passage through the acid stmnaeh contents. Kxey&tation of these 
protozoa takes place in the int&stincs before invasion. 

None of the helminths are ncquirctl through the alimentary tract 
in tlieir adult stages, llie follorving pathogenic ^vorms can resist 
the action of gastric juice in the forms indicate<l and are frequently 
incorporated in solid animal foods: as ova—AscarU himbricoidest 
Dioctophyme renalc, Kchinocoeais granulosis, Enterobivs rermi- 
etdaris, Ilymcnolepis nana and Trichoccphalus trichiuris; as cysts— 
CioHorcAia sinensis, Opisihorchis Jdinetis, Opisihorckis riterrini and 
Paragonivius tccstermanni; asasparganum— DiphyUobothriwn latum 
and possibly Diphyllobothrium mansoni', as cercari®— 
heimtica, Easciolopsis hiski and SchisRxsoma hemalobium; as ej’sti- 
certi— rernui sagiiiata, and Tamia solium; as larva— Pracunculiu 
medinensis, Ilcterophycs kticropkycs, Sirongylaidcs stercoraKs and 
Trichinella spiralis. 

'Hie spores of J/ont7i« albicans arc the only forms of pathogenic 
fungi which can enter the intestines of man by way of the alimentary 
tract. 

The larva: of the intestinal myiasis*produeing flies survive 
passage through gastric juice. Tlie only other representative of the 
arthropods wltich cnten> by the alimentary canal is Porocepkalus 
armillatus nhich does so in ep3t form in water. 

The raucous membranes of tlic urinary channels can be considered 
sterile although they offer portals of entrj’ for some pathogenic 
bacteria especially JVewserin gmorrhetc, Trepmema paJliduni and 
various forms of streptococci, staphylococci and Escherichia coU. 
The vagina of the female normally contains no pathogenic micro- 
organisms but is susceptible to those listefi under the urinary tract 
and Coryuebaclerium diphtheria in addition. 

When a parasite has been brought to the tissue of the human 
host which it can invade and finds there a suitable medium in which 
it can survive and undergo necessary changes in its life-cycle or 
multiply and produce a colony, it is free to exercise its vital activities 
in the direction of invasion. Although there are similarities in the 
processes employetl by the various classes of parasitic organisms the 
differences are so marked as to make it necessary to consider tliem 
in groups. 

Bacteria.— Baffilhis anihracis, — ^Im'asion by inoculation through 
breaches in the skin. No exotoxin known. Slight evidence of an 
> Arnold, I/.: Am. Jour. Ifye , 6, 601, 192S. 
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endotoxin in extracts from broken-up organisms. Bail believes 
that aggressins play the major role in assistin_g in the multiplication 
of the bacteria and interference with the protective actions of the 
body. Capsule formation is correlated with virulence. Little is 
knowm of the causes of pathogenesis further than the local effects. 
Mechanical capillary obstruction may be an important factor. 
Moderately antigenic exotoxin: agglutinins, precipitins and alexin- 
fixing substances. 

Bartonella baciUiformis.—V&ssive invasion through the bite of 
Phlebotomus which transmits it. 

Brucella abortits. 

Brucella mch'fejwis.— Invasion of epithelial cells of intestinal 
mucosa (milk-borne type)— passive inoculation through skin 
abrasions or possibly by the bites of blood-sucking insects. Rapid 
spread throughout the body from the minor local lesion. No exo- 
toxin production. Moderately antigenic;— agglutinins. Slightly 
sensitizing. 

Cloitridium hUtolylicum. 

Clostridium noryi. 

Clostridium cedematis-maligni. 

Clostridium xcelchii. 

Spores of anaerobic saprophytes in damaged host tissue to which 
they have gained access by contact or inoculation. Germination 
of spores to vegetative forms. Liberation of powerful histolytic 
exotoxins. Multiplication and spread of organisms in newly- 
damaged tissue. Antigenic: agglutinins, precipitins. Antitoxigenic. 

Clostridium teiani.—VassWe introduction of spores through in- 
oculation or contact with devitalized tissues. Germination and 
institution of metabolic activities with liberation of a powerful 
neurotropic exotoxin which acts on nerve tissues far removed from 
the seat of infection, and a second exotoxin destructive to red celis 
and leukocj'tes. The organisms do not histolyze tissue cells and 
rarely spread from their point of invasion. Latent spores in tissues 
may be activated by trauma and chemical changes in the tissues 
which flebilitate the cells nmong which the clostridia are Jiving. 
Tetanus neonatorum occurs from contact infection of the umbilical 
cord. Strongly antigenic. Weakly antitoxigenic in natural infec- 
tions in man. 

Corynehacicrium diphtkeritB. — Vegetative forms in contact with 
susceptible mucous membrane cells elaborate histoij'tic toxins 
which destroy cells and prodiice a coagulated fibrinous exudative 
reaction. Minimal extension of organisms beyond the pseudo- 
membrane. Liberation of a powerful soluble neurotropic exotoxin. 
Possibly a phagocytosis-inhibiting endotoxin. Moderately anti- 
toxigenic in natural infections in man. Sensitizing. 

29 
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Diplococctm Organisms on contact with susceptible 

broncho-pulmonary epithelium penetrate through some unexplained 
mechanism and spread through the supporting tissues. No definitely 
conclusive evidence of locally acting tissue toxins. Substances of 
the organism sensitize the tissues and the resulting allergic tissue 
phenomena largely characterize the disease. The organisms readily 
gain access to lymph and blood channels and produce septicemia. 
Type— specific polysaccharide in capsule (aggresin?). Antigenic: 
Species specific nucicoprotein. Soluble exotoxin. 

Eberthella jlultiplication of organisms in the small 

intestine. Entrance through the mucosa into the lymphatics, 
Peycr’s patches and agminalcd lymph follicles and eventually into 
the blood stream. No positive hlcntification of an exotoxin or 
endotoxin responsible for the symptomatology of the disease has 
been made. Antigenic:— agglutinins (II and 0). Alexin-fixiiig. 
Sensitizing locally. 

EKhcrichia Invades the intestinal epithelium under some 
unknon-n influences which make this normal inhabitant of the 
intestinal canal become pathogenic. May enter through lesions 
produced by other disease processes and may be carried through 
by phagocytes during certain stages of digestion. Liberates an 
endotoxin on disintegration. Not nntitoxigenio. Antigenic: 
hactcriolysins, agglutinins, precipltins. 

Fvsiformis /naj/omw.— Knowledge of tlic role of this organism 
m Vincent’s angina and its constant association with a spirochete 
is at present in such a state of confusion ns to preclude any specific 
statements relative to its mo<lc of invasion iir pathogenesis. 

Ihtnophilus ducreyi.— Probably invades onlj’ bj- way of broken 
skin. Sensitizing. 

Ilcvwphilus in/H£7i2a*.— Probably enters directly through the 
epithelium of the re.sp{ratory tract and protluces inflammation. 
Its entry may he augmented by concurrent effects of other organisms 
or a virus. Very slightly agglutinogenic. Causes some increase 
in opsonins in the first ^eck of influenza. 

Hemophilus pcrtwjrij.— Notliing is knomi of the mechanisms of 
invasion. Antigenic:— agglutinins (4 antigenic groups— Phase I, 
II, III, W corresponding to growth characteristics). Exotoxin 
and endotoxin-forming. Alexin fixation. 

Klebsiella {jrflnidornatu.— Probably a secondary invader in a 
skin lesion produced by some other organism. 

Klebsiella pneumonia: (Friedlander).— Toxic products possess a 
direct specific affinity (Zinsser) for lung cells. Antigenic:— soluble 
specific capsular substance when attached to somatic protein 
stimulates production of type spedfic antibodies— precipitins and 
agglutinins. 
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LoeffiercUa mallei.— Introduced passively into a ^\ound or scratch 
in the skin and produces histol\’sis and suppuration. Generalized 
dissemination. Strongly sensitizing to the whole bodj'. Antigenic: 
agglutinins. Alexin-fixing. 

ilycohacferhm /epri?.— Location and mechanism of invasion not 
known. Earliest changes of pathogenesis not knomi. Sensitizes. 
No antigenic properties demonstrable. 

Mycobacieriim tuberculosis hominis.— Invasion through skin 
abrasion (passive introduction); tubercle bacilli can pass through 
the intestinal mucous membrane during the first ten days of life 
without producing any lesion in the intestinal wall (Gay); invasion 
through the mucosa of the mouth; invasion from the epithelium 
of the respirator.' tract by phagocytized cells which carrj' it into 
the tissues. Secondary dissemination by lymph stream. Ingestion 
of bacilli by macrophages, degeneration of the parasitized cells. 

Tubercle-lipoid (Phosphatkl A3).— Causes local stimulation and 
accumulation of monocytes which eventually form the epithelioid 
cells. Phthioic acid from Phosphatid A3 produces the same reac- 
tions. Antigenic: alexin-fi.^ing. Kon-sensitizing. 

Polysaccharides. — Cause migration and destruction of leuko- 
cjies. Non-antigenic. None-sensitizing. 

Proteins.— Call forth plasma cells. Actively antigenic. Highly 
sensitizing. 

Mycobacterium tuberculosis how.— Invade man almost entirely 
in early life through the buccal and intestinal mucosa. 

Mechanisms of pathogenesis similar to those of the human variety 
uith only slight tj-pe-specific differences in the reactions. 

Neisseria f^onorr/ieor.— Cellular invasion of the mucous mem- 
branes by the cocci. Liberation of toxins with production of in- 
flammation. Ixjosening of epithelial cells and sloughing. 

Endotoxin and exotoxin formed (gonotoxins). Protein-free 
t^-pe-specific substances probably produce allergy. Carbohydrate- 
free protein substances produce non-specific reactions. 

Neisseria intracellularis (meningitidis).— 'Micrococci on the 
pharyngeal mucoa set up a mild rhinopharyngitis which is believed 
in some way to weaken the normal barriers against the organism. 
Extension from the submucous tissues to the brain is most probably 
by way of the blood stream although some still hold to direct 
extension by lymphatics or through the walls of the sphenoid and 
ethmoid sinuses. 

Produces a pouerful endotoxin vhich is liberated when the organ- 
isms are destroyed by lysis. Exotoxin? 

Antigenic: t 3 "pe-specific precipitins. 

Pasteurella pestis. — Organism passively introduced through the 
skin by the bite of the transmitting rodent flea; implanted on the 
respiratorj* mucosa, it in some unknown way enters the lym- 
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pliatjcs, is cairied to a bronchial lymph node and secondarily invades 
the lung. 

Produces no soluble toxin. May liberate some endotoxindike 
substance which is ngglutinogcnic. 

VastcurcUa tularensij.—Or^xasm passively introtluced through 
the skin by the bite of tlie transmitting arthropod or from infective 
material througii a skin abrasion; invasion bj' necrosis of the cells 
of the respiratory mucous ineinbranc. Disscraiiiation to regional 
lymph nodes producing there a toxic necrosis. Antigenic: agglu- 
tinins. 

Salmonella aerln/clce. 

SalmoneUn enteriiidi-r. 

Salmonella paratyphi (Paratyphoid A). 

SolmonWla auipeatijer. 

Salmonella achollmitUeri (Paratyphoid B). 

Organisms and their toxic products in the intestinal canal exert 
an intense direct toxic effect on the mucosa. In the paratjphoid 
groups organisms gain entrance to the subinucosa aiut produce a 
generalized disease. 

The entire group possesses a common somatic agglutinogenic 
antigen. TiTe-spccific agglutinogens are produced by each organ- 
ism. Toxic grovrth products are present in the foofJ in which they 
have been introduced. They are therefore responsible for their 
particular types of food poisoning. 

Shigella dyaenteria: var. Flexner: var. Shiga-Kruae; var. Soanr 
(Duval).— Direct action of bacterial toxins on cells lining the 
intestinal mucosa producing degeneration and necrosis. Organisms 
remain localized in hulmmcous tissues but few may be carried to the 
mesenteric Ijunph nodes. Toxins aleorWd and affect distant organs 
particularly the central nervous system (var. Shiga). 

Exotoxin from var. Shiga. Endotonna produced by Shiga and 
Flexner. 

Antigenic : agglutinins, bactcrioh'sins, precipitins. Alexinfixation. 

Stapliylococaia albua. 

Slaphylococcua aureus. 

Staphyhcoccua epidermidis. 

Passive introduction through the skin by way of abrasions, cuts 
and penetrating instruments; passive introduction into hair follicles 
and sebaceous gland ducts hj' mechanical forces siicli as rubbing, 
obliteration of the mouths of the ducts by tlirt, inspissated sebum; 
implantation on susceptible mucous membranes and internal organs 
(uterus, bladder, urethra); multiplication iti these sites under 
favorable abnormal conditions Phagocytosis by polymorpho- 
nuclear cells which are destroyed by the process. Toxic products 
(necrotoxins) of the organisms and degenerated and destroyed 
tissues cause still further destruction and the formation of pus. 
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Antigenic exotoxin: agglutinin, hemolysin, leucocidin. 

Strepiococciis epidemiciis. 

Streptococcus erysipelatos. 

Streptococcus hemohjiicua {jpyogenes). 

Streptococcus scarlatina. 

Streptococcus riridans. 

Passive iutrodiiction through tlie skin bj' way of abrasions, cuts, 
penetrating instruments, multiplication in pockets in hair follicles, 
sebaceous gland ducts, gingUTil folds, tonsillar crypts, genital tract 
glands; abnormal tissues affected by pre-existing disease due to 
other organisms or inanimate agents. 

Toxic enzymes produced by the cocci probably affect the cells 
in their immediate neighborhood and cause histoli'sis. Polj’- 
morphonuclear leukocj'tes phagocytize the organisms and may be 
destroyed in the process by leucocidins. 

Antigenic: hemolysin production is an outstanding but type- 
variable specific characteristic. Organisms possess a type-specific 
antigenic protein, species specific non-antlgenic carbohydrate and a 
group or species specific antigenic nucleo-protein. Agglutinins, 
opsonin. 

Soluble exoto.xin: antito.xigenic capacity varies with the types. 
Sensitizing powers vary with the tj’pes. 

Vibrio cAofertr.— Primary toxic irritation of intestinal epithelial 
cells. Invasion of cells by vibrios in tissue and intestinal contents. 
Powerful "endotoxins?” exoto.xins? 

Antigenic powers; agglutinins, precipitins. Anti-toxigenic. Non- 
group specific agglutinating carbohydrate fraction. Flagellar and 
somatic antigens. 

Filterable Viruses with Inclusions.— Group l.~Foot and Moitth 
Disease Firuj.— -Virus in contact with skin cells invades them and 
produces degenerative changes. Accompanied by cell inclusions. 
Weakly antigenic of short duration. 

Herpes Simplex Virus.— The rirus inrades skin cells apparently 
when some factors such as trauma, cold and heat, and febrile 
disease lower the local resistance. The virus enters the nuclear 
material of the cells and causes chromatic changes and degenera- 
tion. Accompanied by ceii indusions. Antigenic, producing anti- 
virucidal substances. 

MoUtiscim Contagiosum Ktru#.— In\’asion of the living skin cells 
with subsequent stimulating effects on the cells which produce a 
neoplastic growth. Inclusion bodies found only in the cytoplasm. 

No evidence of antigenic powers. 

Psittacosis Virus. — Virus in contact with respiratory epithelium 
causes hj'pertrophy and hyperplasia of the alveolar cells. Inclusion 
bodies found in the mononuclear cells. 



454 THE PROCESSES OF I^’V^SlO^' AND PATHOGENESIS 

Probably strongly and permanently antigenic witli the production 
of neutralizing antibodies. 

llabies rtVjw.— Inoculation tlirougli a breacli in the skin or 
mucous meinbranos permits the Wnis to approach tlie cells of the 
central nervous system which it invatles. Negri bodies formed 
within the cells and contain small refractile inclusion bodies. Virus 
produces degenerative changes in the invaded cells. Strongly 
antigenic; neutralizing antibtxlips. Alexin-fixing. 

Rift Valley Feter I’lrtw.— Accidental inoculation of virus through 
the skin permitting invasion from the blood stream of parenchy- 
matous cells particularly of the liver. Necrotic degeneration of 
invaded cells. Inclusion bcxlies in the nuclei of cells. 

Antigenic: neutralizing antibodies. Alexin-fixing. 

T'’HcW)u'rt Ttriis. 

Pariofa nnts. 

Kntering probably through the respiratory mucosa, the virus 
is brought in contact with epithelial cells (dermotropism) invades 
them and becomes surrounded by a plastin substance manufactured 
by the cell (Gay.) Growtl^ of the Guarnieri inclusion bodies until 
they break up into oleinentarj- boclles and are liberated on the 
destruction of the host cell. 

Strongly antigenic: neutralizing antibodies. 

I'^rTruea Pidparij Pirwa— Inoculation through a wound brings the 
virus in contact with the growing skin cells wliich it invades and 
stimulates to form neoplastic growth. Intranuclear inclusion 
bodies. 

)’ri/o)r Fever Pin/#.— Inoculation into the blond stream by the 
specific virus-carrying mosquito Dissemination throughout 

tiie body with selective invasion of the parenchymatous organ cells. 
Degeneration of capillarj epithelium and hepatic and renal cells 
espedally. Intranuclear inclusion bodies. 

Strongly antigenic, producing permanent neutralizing antibodies. 

Group U.— Varicella r/nw.— Entering probably through the 
respiratory mucosa, the virus invades the rete cells of the skin and 
causes their degeneration and liquefaction. Inclusion bodies found 
only in testicular cells of monkeys inoculated with material from 
human skin lesions. 

Antigenic; produces permanent virucidal sulistaucea. 

Group in.— Herpes ZoMer Pirtw. — Route of invasion of the body 
is unknown but the virus apparently enters the epithelial cells and 
produces a “ballooning degeneration" (Unn.a). No knowledge as 
to its immunologic powers. 

Filterable Agents 7711110111 Indusions. —Common Cold Virus— The 
specific virus appears to attack the epithelial cells lining tlie nose 
and upper respiratory tract and is present in the cell-free exudate. 

It has not been demonstrated within any tissue cells. The presence 
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of otlier microorganisms in the nose seems to prepare the cells for 
the action of the virus. Other agents such as cold, chemicals, 
mechanical irritants and foreign proteins may act in a similar 
manner. 

Smiley produces epidemiolo^eal evidence that the virus produces 
immune bodies of short duration. 

Dengue Fever Finw.— The \*irus is passively inoculated into the 
blood by the virus-bearing mosquitoes {Aedes largely). It has never 
been recovered from any tissue cells so that nothing is known of its 
mechanisms of pathogenesis. 

Epidemiologic and clinical evidence indicates that it produces 
some relatively lasting immune antibodies. 

Alexin-fixation has been reported. 

Mumps Finw.— Nothing is known of the methods of invasion or 
early processes of pathogenesis of this disease other than the fact 
that the virus is present in mouth washings and inflammatory 
reactions occur in the salivary glands and ducts and secondarily 
in the testicles. 

It is apparently strongly immunizing for an attack produces 
lasting immunity. 

Pappataci Fever Ftm.— Virus inoculated into the tissues through 
the bite of the sandfly and gains admission to the blood stream from 
which it can be recovered. 

No certain evidence of its immunizing powers. 

Poliomyelitis Ftma.— Entrance of the virus into the central 
nervous system is presumed to occur by way of the naso-pharyngeal 
mucosa but this is not proven and rests largely on finding the virus 
in naso-pharj'ngeal washings. Within the central nervous system 
it is propagated along the axis cylinders and produces an acute 
inflammatory degeneration of the spinal and cerebral ganglia cells 
and those of the anterior horn of the spinal cord. 

Strongly antigenic, producing lasting \’irucidal and neutralizing 
substances. 

Presumably Filterable Viruses.— Epidcmw Encephalitis. —'Sitvoug 
experimental evidence from transmission of infective material from 
the nasal secretions of human cases to rabbits. Some belie%’e that 
It IS a neurotropic strain of herpes vims operafi%’B under peculiar 
conditions of susceptibility on the part of the host (Gay, McKinley). 
Apparently an invasion of the ganglia cells in the pons and basal 
ganglia.^ 

No direct information on the production of immune bodies is at 
hand but epidemiologic evidence points toward widespread re- 
sistance. 

Epidemic Infiuenza.— 'Evidence for a transmissible virus rests 
on transmission experiments using nasal washings from human 
cases. Invasion is probably directly through the cells of the res- 
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piratory epithelium. It produces a pneumonic or catarrhal in- 
Hammation of the mvolved tissues. . 

Immune substances are iffol>abIy produced but last only a sliort 
while. 

German J/ccw/c^.— Nothing known about the modes of invasion 
of the causative organism which itself remains undemonstrated. 

Produces lasting immunity. 

Measles.— K due to a filterable virus, invasion probably takes 
place through some part of the respiratory tract epithelium. A 
filterable agent has been recovere<l from the blood and naso-pharyn- 
geal secretions of measles eases which is able to produce the disease 
in monkej'3. Pathogenesis so far as known is infl.smmatory in 
nature, catarrhal in the mijcous membranes and perivascular 
infiltration in the skin lesions. 

Antibodies are produced and are to he found in convalescent 
serum. 

Rickettsias.— riH-ettrfir.— Passively introduced 
into the tissues of the host through the bite of an infected tick. 
Disseminated by the blood stream, it invades tlje endothelial cells 
of the small bloo<bvesseU in the skin, subcutaneous tissues and 
testicles producing a proliferating endarteritis. 

gpiiochetes.— Porreiia uunita.— Passively introduceil through the 
skin of the liost by way of a scratch or bite by the infected animal. 
Slow multiplication o! organisms at site of wound. Later dissemina* 
tion by the lymph stream and active motile invasion of the regional 
lymph nodes. Antigenic; Ipins. Alexin-fivlng. 

Borrelia recurren/fj, —Passively introduce<l into the host through 
abrasions of the skin produced by scratching where there is infected 
louse or tick feces or the crushed bodies of these infected arthropod 
hosts. 

The organisms enter the blood stream and raultiplj’ freely at 
intervals of one or two weeks. It does not invade ceils. 

Antigenic powers; Agglutinins, lysins (tJTJe specific). An attack 
generally confers lasting immunity. 

Leptospira kebdomadis . — The active leptospira on the urinc- 
contaminated skin enter by way of any minute abrasions which 
maj' be present and actively gain admisislon to the blood stream 
where multiplication can take place. It does not invade cells. 

Antigenic powers; Lysins, agglutinins. 

An attack generally confers lasting immunity. 

Leptospira tc/cro-A<morrAoffico.— Leptospira work their waj' out 
of the urine or infected water on the sUn into the openings of small 
abrasions and enter the deeper tissues and blood stream. Multi- 
plication takes place in the blood in the small interstitial blood- 
vessels of the viscera. Inada belie\'es that the organisms can gain 
entrance by active penetration of the alimentarj' mucosa. 
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They do not invade cells. 

Antigenic powers: Lysuis, a^lutiiiins and “agglomerating” 
antibodies. Alexin-fixing. 

An attack confers lasting immunity. 

Treponema pallidum.— Active penetration through intact skin 
or mucous membranes to the deeper tissues, or entrance tlirough a 
wound. Dissemination through the lymph channels and blood 
stream. Selectiv’c affinity for the medial iaj'ers of arteries where 
they multiply. Toxic degeneration of fixed tissue cells and mobiliza- 
tion of mononuclear leukocytes. Dermotropic and neurotropic 
strains are believed to exist although the nature of the tropism has 
not been determined. 

Antigenic powers: There are no demonstrable immune bodies in 
syphilitics although clinical evidence indicates some degree of 
immunity whether it be “infection immunity” or refractoriness to 
invasion during active infection or tissue immunity. 

Strongly alexin-fixing. Non-sensitizing. 

Treponema pcrfennw.— Inoculation by rubbing into some breach 
in the skin such as a scratch mark, insect bite, or previous skin 
lesion. Local histolysis and low grade proliferative reaction. Dis- 
semination by lymph channels to lymph nodes, and by blood stream 
to distant tissues. Toxic necrosis In secondary and tertiary lesions. 

’ There is no evidence of the development of humoral immunity. 
Relatively permanent immunity after recovery. Alexin-fixing. 

Treponema rinccnti.— Believed to be invasive only in areas lowered 
in resistance by previous disease or traumatism. Causes necrosis 
in the presence of FusiformU fusiformis and possibly other necessary 
accompanying organisms. 

Nothing is known of its immunologic powers. 

Fungi.— Tlie pathogenic fungi appear to possess little invasive 
powers on normal tissues ami in most instances there is indication 
that there has been some antecedent injury. 

On the skin, the epidermophyfonsh&vingiound a suitable media for 
growth, begin to invade the horny lajer in areas where it has become 
softened and macerated by a combination of heat, moisture and 
friction. ^Slight abrasions may also ser\'e as a point of invasion into 
the horny layer. Invasion takes place by the insinuation of mycelial 
threads between and into the cells of this region. There is separa- 
tion of the outer layers resulting largely from mechanical displace- 
ment but probably also by some chemical action of growth prod- 
ucts. Specific agglutinins are formed against it. They elicit 
allergic response. 

The endodermophytons invade in a similar way but in addition 
may be passively introduced by penetrating inoculation. The 
mycelial threads and mycelial spor^ invade the cleavage spaces 
between the rete layer and the granular layers. This is accompanied 
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l)y a non-specific inflninmatory reaction beneath it. Secondary 
infection by bacterial organisms accounts for ranch of the severe 
manifestations. Specific agglutinins arc forracd against it. They 
elicit allergic response. 

The trichophytons invade the hair follicles and the tissues around 
them by sending out mycelial threads which spread on the surface 
of the iiair (cctothriv) or in the hair (endothrix). Tlie.\* can also 
invade the nails. Damagetl epithelial cells desquamate and the 
itifecte<l hairs fall out. Inflammatorj' reactions appear around (he 
hair bulbs and there may l>e pus formation. Dissemination by 
lymphatics to regional lymph nodes is not uncommon and blood- 
stream infection may occur ndth secondary skin lesions. Produces 
sensitization to a toxic triehophj*lln. 

The nc/iorion.i invade the hair and the tissvies about its base. 
In this latter location it forms a dirty yellow sheath (scutela) 
around the proximal part of the hair. The hairs become lifeless 
and brittle and break off just above tbe sheath. 

Microspora invade the bulb region of the hairs and form a sheath 
of small round cells or so-called spores about it. The hairs become 
brittle and break off. 

lIoTvtodeiiJron (spp.) Is one of the most superficial-groning of 
all of the skin fungi. Much of its growth is in the outermost horny 
layers with which it is constantly being thromi off in brannj* 
squames. The skin beneath the involved area is subject to deptg* 
mentation probably due to interference with the absorption of 
ultra-violet radiations of sunlight. 

Torula histotytica (crjrpfocofcjw). — These budding organisms, 
present on tlie skin, or in the mouth, naso-pharynx or intestines 
invade these tnsiies in some unknomi manner without leaving any 
obvious lesions. Dissemination is probably through the blood 
stream to bone, subcutaneous tissues, lung, or meninges and brain. 
In these regions they call forth a pseudogummatous response with 
destruction of tissues and stimulation of some cells to form a 
myxomatous, sarcouia-Itke tumor. 

Produces allergic sensitization and is alexin-fixing. 

Blastomyces demaiUulis is introduced into the skin by direct 
inoculation, probably most frequently by vegetable spicules such as 
thorns, splinters, straw, etc. Germination of the spores takes plare 
with the formation of mycelia. Invasion by way of the lung is 
probable but its mechanism is unknown. Entry through this way 
may result in .systemic dissemination. The tissue reaction to the 
growing and extending fungus is papillomatous in structure with 
small abscess formations. 

Does not produce allergy or alexln-fi-xing substances. 

Monilia albicans on the skin or mucous membranes of the mouth 
appears to invade only when tliere is some other condition present 
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which alters the resistance of the cdls,— malnutrition, tnborcnJosis, 
diabetes, prolonged moistness of skin surfaces, and in the intestines 
disturbances of the seeretorj’ functions of the stomach, intestines 
and pancreas. The organism grows superficially in the horny layers 
of the skin and nails and in the superficial mucosa. Occasionally 
gangrene or noma of the mouth may occur but this may not be 
entirely due to the fungus. 

It produces specific agglutinins and skin sensitization. Cutane- 
ous sterile lesions called levnirides or moniliids occur as a result of 
allergic reactions. 

Coccidioides ivimitis appears to invade either through the skin or 
pulmonary epithelium although nothing definite can be stated as to 
the mechanisms involved. Extension to the lymphatics and systemic 
dissemination follows from either source of invasion. Subsequent 
pathogenesis is nodule and abscess formation in the skin and sub- 
cutaneous tissues, bones, joints, lung, brain, cord and all viscera 
except the gastro-intestinal tract. 

It produces precipitin and agglutinin response, is alexin-fixing 
and sensitizing. 

Sporotrickum, spp. are generally introduced by direct inoculation 
through the skin, most frequently on the back of the forearm. 
Occasionally generalized and secondary local lesions result from 
invasion from some hidden focus. Multiplication and e.vtension of 
the fungus takes place in the subcutaneous spaces and lymph 
channels although the regional nodes are seldom involved. The 
reaction is granulomatous in nature. 

It produces agglutinin response, is alexin-fixing and produces 
cutaneous sensitization. 

MadureUa mycetoma is probably always introduced through the 
skin by inoculation from some injury such as sharp grasses, splinters, 
stones, etc. JIultiplication occurs in the deep subcutaneous tissues 
with granulation tissue formation, abscess, and arteritis. Many of 
the subsequent changes are probably due to defective blood supply 
in parts dependent on the arteries involved. The granules of 
Madura foot are colonies of fungi. 

Ac^i'fT<3myixs i<3(rct wAen pKsmt nr fAe avsuth can pmAaifr om'y 
invade the mucous membrane when there is some injury such as 
that produced by extraction of a tooth, laceration by plates, jagged 
teeth, or traumatism by any’ foreign body. 

The ray fungus introdue^ into the submucosa causes an inflam- 
matory’ reaction with nodule formation and suppuration. Con- 
glomeration of nodules forms tumor-like masses which break down 
and cause cavities and fistulie. 

Dissemination can be by direct extension, by the lymphatics, 
or by erosion into a blood-vessel and spread by the blood stream. 
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Primary invasion may occur throiigli the Jungs, rarely through the 
intestinal mucosa, or through the skin. 

Agglutinins present during the height of the disease. 

ActinotnycM wadura; is introducwl into the subcutaneous tissues 
by inoculation, generally hi’ objects penetrating the bare foot. A 
granulomatous reaction is produced at the site of multiplication of 
the fungus with suppuration and sinus formation. The disease 
remains localized. 

Protozoa.— 7'he pathogenic protozoa depenrl in Large part on 
their motile powers to invade cellular spaces and to penetrate cell 
membranes of tlie host cells wiiich they parasitize. That they also 
utilize some chemical products of their owi or the results of their 
activity against the cells among or in which they grow is evidenced 
by the presence of agglutinating antibodies in the host serum and 
presumably by the appearance and changes in the invaded tissues. 
In this class of organisms the growth and multiplication processes 
are so clear cut that they present outstanding evidence that their 
own vital activities are solely responsible for the host reactions 
which constitute the disease. 

Balantidium coh'.— Tiie vegetative, actively motile form, living 
free in the large intestine, appears to l>e positively attracted by 
the epithelial cells. Under observation, the balantidium has been 
seen to bore its way between cells by a rotating motion activated 
by the cilia and it Is assumed that this mechanical displacement of 
cells is operative in the actual conditions in the intestine. The 
necrotic appearance of the cells in balantidial ulcers suggests the 
notion of a proteolytic enzyme although this has not been proven. 
Once in the subepithelial thsues the parasites undergo rapid sub* 
division and form nests which are dliaracteristic of the disease. 
It is not known how far secondary invasion by bacteria is responsible 
for the complete picture. 

Endamaba histolytica.— Whether or not the pathogenic ameba is 
assisted in its invasion by the use of cj'tol^’tic enzymes, it remains 
fairly certain that the active movement by pseudopodia dominates 
the picture of penetration and extension of amebiB in the mucosa 
of the intestine. Craig* believes that he has demonstrated the 
presence of a cj'toij'tic factor but Hatcllffe* e-tplains pathogenesis 
as being due to the mechanical opening up of the lymph channels 
by the ameba and the entrance of bacteria through these artificial 
atria. Hiyeda and Suzuki* support Craig's contention that cytolysis 
is an important factor. The results of tissue necrosis and the ac- 
cumulation of the products of host reaction still further interfere 
with the nutrition of undermined mucosa and undoubtedly con- 
tribute to the extent of the lesion on the .surface of the mucosa. 

‘ Craie. C. r.. Am Jour. Trop. Med , 7. 225. 1927. 

’ HalclifTe, H. U Am Jour. Hyg, 14. 337, 1931 

» Hiycda, K., and M • Am. Jour. Hyg , 16, 809, 1932. 
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Clinical evidence makes it highly presumptive that the host 
reacts to produce antibodies of some as yet undetermined nature 
which account in part for the apparent differences in resistance of 
individuals to infection, but other factors, such as diet (carbo- 
hydrate, proteins, liver extract) may be of equal or more impor- 
tance. 

Craig has demonstrated the presence of alexin-fixing substances. 

Isospora belli. 

Isospora honiinw. 

The active sporozoites liberatetl from the oocyst in the intestine 
actively invade the epithelial cells of the mucosa by direct pene- 
tration through the cell membrane. The processes of schizogony and 
liberation of the merozoites is destructive to the host cells and if the 
number of infected cells is great enough will result in clinical 
coccidiosis. 

Leishmania donornnt.— The non-flagellated forms of the parasite 
are probably inoculatwl directly into the tissties of the host through 
the bite of the sandfly Phlebofomm ckinensh. From tlie area where 
they are deposited they are taken up by the macrophages of the 
reticulo-endothelial system. Multiplication and subsequent para- 
sitism of more cells results in a massive and extensive increase in 
the reticulo-endothelial elements which is the characteristic 
pathology of Kala-azar. Herpetomonad flagellate forms rarely if 
ever occur in man. 

No antibodies have been demonstrated in man as n result of 
these processes. 

Leishmania braziliensis. 

Leishmania tropica. 

The non-flagellated forms of these two parasites gain admission 
from the surface of the body through pre-existing skin lesions 
(contact inoculation) and possibly through the bite of a sandfly 
which is suspected although not proven to be a carrier. 

From the site of inoculation they are engulfed by macrophages. 
Their multiplication is laigely confined to the neighborhood of the 
area of inoculation and results in ulceration. The ulcer due to 
L. tropica is called Oriental Sore, and that caused by L. braziliensis, 
Espuudia, Uta or Forest Yaw. 

An attack of Oriental Sore produces immunity but no such pro- 
tection has been demonstrated in Espundia. 

Plasmodium Salcipantm. 

Plasmodium malarur. 

Plasmodium vitax. 

The malaria-producing parasites are all introduced into the blood 
of the human host by direct inoculation through the action of the 
mosquito as it obtains a blood meal. The free-living sporozoites 
are liberated into the blood stream and soon after, penetrate the 
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erj’throcytes hy their own active movements. The metabolic 
processes of the orftatilsnis inside of tlie red cells are completely 
devastating to the function and structure of the host cells. They 
arc actively ainchoicl in the cj’toplasm of the red cell and exist at 
the e.xpense of the nutritive elements they find there. As tliey 
multiply and form the rosettes of mero/oites the red cell loses 
its normal pigment and enlarges to accommodate the increased 
amount of p.arasitiml matter. The hemoglobin is metabolized to 
liemozoin. 

With the maturation of tjic merozoites the ret! cell bursts and 
liberates the new parasites which are freed and enabled to parasitize 
new crj'throcytcs. 

The clinical manifestatious of chill and fever coincide with the 
liberation of merozoites and arc probably due to a t(»xin produced 
by the parasites or the damage*! erythrocytes, although the existence 
of the first has not been identific*! or proven. 

Althougli it is readily demonstrate*! by studies on endemicity 
of malaria that individuals differ in their susceptibility or resistance 
to infection with malaria parnsites there is no evidence that this is 
due to any permanent antibody immunity. At this writing the 
consensus of opinion is in favor of the resistance being of the type 
seen in latent infection which is prohibitory to siipcrinfection, or 
that repeated new infections keep down the clinical manifestations 
of active malaria by some other mechanism. 

Tryponojorno crush —\Vhilc it has been demonstrated that the bug 
PattiirongyUis megUtus h the vector of tins trypanosome it has been 
shown that the leishmania form of the parasite is not inoculated 
through the bite of the bug, but that infected feces of niegistus de- 
posited on the skin at the time of the bite is rubbed into the lesion. 
The parasites are taken into tissue cells where they multiply and 
become transformed into critJiJdia at the expense of the cell. 

When the invaded ceil bursts the liberated trypanosomes invade 
other cells in the organs to which they have been distributed. 

Nothing is kiioun of any immune reactions resulting from this 
parasite. 

Trypanowma gavihimse. 

TTypnnoxoma rhodesiense. 

The metacyelic phase.s of these parasites are carried out of the 
salivary ducts of the tsetse-fly in the act of biting and injected 
directly in the skin of the host. They multiply free in the blood 
stream by fission and have a tendenej’ to accumulate in the IjTiiph 
nodes which are characteristically enlarged. Invasion of heart 
muscle cells and neurologia cells of the central nervous system are 
reported and trj’panosoraes have been found in the spinal fluid. 
It is assumed that a toxin is produced at some time during the life 
cycle in the human but this foct has not been definitely established. 
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The reported agglutinating and ap^Ioinerating powers of human 
serum from active cases lack confirmation although it is agreed 
that there may be some such natural resisting mechanism against 
T. gambiense. There is no such resistance to T. rhodesiense. 

Helminths.— Because the helminths are metazoan parasites and 
have differentiated parts which perform particular functions there 
is necessarily a wide range in the mechanisms that they utilize for 
invasion and production of disease. 

Ancylostoma braziUensc.—Tht infective filariform larva actively 
bores its way into the hair follicles, penetrates the living cells and 
invades the Malpighian layer of the skin. In this position it calls 
forth, apparently through the action of toxic body products, a 
mononuclear leukocyte reaction with the accumulation of eosino- 
philes. The parasite burrows along the stratum vialpighii just 
beneath the granular layer, making a channel wherever it goes. 
The channel shows inflammatory response with \esicle formation 
and sometimes acute bacterial inflammation due to secondary 
invaders. 

Ancylosioma duodenaU. 

Necator americanus. 

The infective filariform larvte which have lost their sheath in the 
soil or shed them at the time of invasion through the skin, insinuate 
their head ends into the hair follicles and then penetrate the cells 
lining the follicle and invade the subcutaneous tissue. At this point 
they set up a toxic, irritative inflammatory reaction known as 
“ground-itch.” Secondary invasion by bacteria at this stage may 
produce suppuration. The active iarv'je crawl ahng the Ijmph 
spaces and are either caught up by the lymph stream and carried 
to the regional lymph nodes, or they enter blood capillaries and are 
swept on to the right heart and into the pulmonary circulation. In 
the lungs the larvse reach the alveolar capillaries, pass through their 
walls and between the cells of the alveolar epithelium and make 
their exit into the air spaces. From here they migrate into the 
bronchioles and bronchi w’here they are propelled forward by the 
mucus, ciliated epithelium, expiratory mechanisms and their own 
movements into the trachea and lar>'nx. On reaching the epiglottis 
and pharynx they are caught up in the stream of materials swallowed 
from the mouth and are carried by way of the esophagus, stomach 
and duodenum to the upper parts of the small intestine where they 
attach themselves to the mucous membrane. At this point they 
undergo further development to tlie adult stage. 

In their passage through the lung tissues they produce mechanical 
injury to the capillary vessels with subsequent hemorrhage and 
probably exert some toxic or irritative effect on the epithelium. 

The adults in the intestine deplete the host of blood and probably 
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faccrcte some body principle which is strongly inhibitory to hema- 
topoiesis. 

Ascaris hmbricoides.—’lLhfi newly Iiatclicd larvie in tlie small 
intestine actively bore their way through the intestinal epithelium 
and invade the submucous lymph spaces. From here they attain 
the right side of the heart either by direct invasion of the portal 
radicles and mesenteric veins or by the lymph channels and thoracic 
duct. From the right heart they are swept into the capillaries of 
the pulmonary circulation. They Imre their way out of the capil- 
laries and through the alveolar epithelium into the air spaces. In 
so doing they produce hemorrhages aiui tovic inflammatory reac- 
tions. Tiiey continue to grow* during a brief stay in the smaller air 
passages and then migrate or arc carried by secretions into the 
bronchi, trachea and larynx, successively. In their emergence 
through the glottis into the pharynx they are caught in the mechan- 
isms of swallowing and carrictl to the stomach. Here, they resist 
the acid secretions and are projected on with the stomach contents 
into the small intestine. Without attaching themselves they grow 
freely in the intestinal contents an<l reach adulthood. 

Migrating larvie may accidentally invade systemic capillaries and 
be carried to distant organs where they set up severe inflammatory 
reactions. 

Adults in the intestinal lumen secrete an as yet unidentified toxic 
material which In susceptible individuals produces allergic reactions. 

They cause disease hy nerve reflex irritations and mechanical 
blocking of the intestinal tract itself or of its accessory channels 
such as the vermiform appemlix, diverticulie, or the bile ducts. 

Clonorchia — Rxeysted ndolcscarim attach themselves 

immediately to the duodenal mucosa and by some attraction work, 
their way along the mucosa to the opening of tlie common bile 
duct. They then actively migrate up the bile ducts to tlie biliary 
radicles in the liver where they stop wandering and develop into 
adult flukes. 

Faust* has shown that the flukes produce a proliferative reaction 
w itli cyst formation and multiple production of new biliary capil- 
laries. He finds no direct evidence of general toxicosis but attributes 
liver lesions in the neigliborhood of the wonns to some toxic secretion. 

Dioctopht/mc renalc.—yhe matured larva, freed from the ingested 
cyst iu the storaacli or intestine finds its way by some unknown route 
to the pelvis of the kidney where it grows to adult si7e. Nothing 
furtlier is known of its patlu^nesis other than as it acts as an ob- 
struction in the urinary tract and by gradually destroj ing the renal 
parenchyma. 

ViphyUobothrium hli4m. 

DiphyUobotkrium mansoni. 

‘ Faust, E. C : tluman IteiiPiBtbologjr, Pbiladclplua. Lea 4. Febiger, lOiS 
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The development of the full grown tapeworm from the immature 
form released from the ingcste<l c^’st takes place wholly within the 
lumen of the gut. 

There is no further invasion than this at 4any stage of its life 
history. A highly toxic product is developed which, vhen absorbed 
through the mucous membrane, has serious effects on the blood- 
forming organs and produces a primary tj'pe of anemia. 

Diphyllobothriian mansoni.—T\\e sparganum Janw actively 
penetrate the stomach wall and migrate along the peritoneum to 
some underlying musculature or connective tissue where they 
multiply and form local swellings. 

Dractincidm uicdmcrww.— Developmental larvte in the body of 
ingested Cyclops are activated by the gastric juice which causes 
them to work their way out of the bodj* of this host into the stomach 
cavity. The freed larvae penetrate the walls of the stomach or 
duodenum and migrate tlirough the human tissues until they reach 
the subcutaneous tissues. Here they mature and the female when 
gravid then approaches and penetrates the deep layers of the skin 
and frees her larval progeny into the blister which develops at that 
site. The young are extruded into the external environment 
through a break in this lesion. 

Echinococcti9 jranjd<w««.— The newly-hatched embryo in the 
intestinal canal attaches itself by Its booklets to the mucosa and 
then penetrating it, invades a venule of the portal or systemic 
venous circulation. From there it is carried by the blood to the 
liver or lungs in which locations it is caught in the capillary network 
where it begins to grow and form a hydatid cyst. 

Hydatid secretes a toxin which is largely retained within the 
walls of the cyst. It may escape by seepage through the walls and 
gain the systemic circulation or may be liberated by rupture of the 
cj’st. Hydatid toxin produces a high degree of eosinophilia and 
elicits specific precipitins. It produces alexin-fixing bodies and is 
actively sensitizing. 

Echinostouia ilocamnn.—The developmental form of this fluke is 
presumably liberated from its cyst in the intestinal canal and 
attaches itself by its sucker to the mucosa where it grows to adult 
size. Nothing is kno^m of its actual development or pathogenicity. 

Enterobuia termicularU . — The rhabditiform larva is freed from the 
egg in the duodenum. It undergoes two ecdj ses in the lumen of 
the intestine and when it reaches the colon attaches itself to the 
mucosa and grows to maturity. The mucosa at the points where 
the worms are attached shows an irritative inflammation which 
may go on to local necrosis- The nervous manifestations accom- 
panying this worm are attributed to local irritation of the syrapa- 
thetics and the action of a toxin. 

^dult worms on the perianal skin may produce pruritis. 

30 
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Fasciola Adolchcariic emerge from tlie crr in the 

duodenal digestive juices and attach themselves to the mucosa. 
When tliey reacli the opening of tlie common duct they invade it 
and actively work their way up to the smaller biliaiy* capillaries. 
At this point they are aloppe<l and there develop into adult flukes. 
They produce a cirrhotic reaction in tljc neighboring liver tissue and 
mechnnicall}' obstruct the biliary radicles. Absorbed to.xin pro- 
tluces a severe anemia ^Y^th eiysinophilia. 

Fasciolnpsis The embryos, freed from the cyst in the 

duodenum, attach themselves to the intestinal mucosa uhere they 
grow to adultliood. Capillarj* hemorrhages in.iy occur at the site 
of attachment and abscesses may he formed from inflammatory 
reaction to tlie flukes. Toxic effects are rcvealcfl by an eosinophilia, 
and in severe cases, by general anasarca. 

Jlctcrophyes /icferopAye^.— Nothing H known of the method of 
invasion or pathogenesis of this fluke after tlie adolescaria has 
become cxcy.sted. 

Ilymenolejns nana.— Tlic eggs of the <lwarf tapeworm hatch out 
in the small intestine and the young larvre invade the villi. Here 
they develop into immature cercocyst forms which work their way 
out again Into the intestinal canal. In a slmrt while they fasten 
themselves to the muco.sa and there develop into atlults. The eggs 
from these adults can then develop in the inte-stine and complete 
the life cycle by auto-infection within the same host. 

The pathogencbis of this worm U attributed to to\ic effects on 
the nervous system producing reflex Irritation and general nervous 
symptoms. I-losinophilia is a prominent fimling. 

Loa loa.—Thc microfilaria dcpositwl on tlie skin by the mango fly 
rapidly enter the hair follicles ami penetrate their walls th\»s finding 
their way into the sulfcutnneous connective tissue. The further 
de\clopment of the larva has not l>ecn traced but the adult worms 
are found most often in the subcutaneous connective tissues. Their 
presence is accompanied by localize*!, evanescent swellings, the 
pathogenesis of which is not known. 

Onchocerca tohiiliis.—Tihc microfilaria? dejjositcd on the skin at 
the time of the bite of the buffalo gnat burrow into the skin and 
enter the Mibcutaneous tissues. The larv® produce little if any 
evidence of pathogenesis but the adults produce proliferative 
subcutaneous nodules from which the worms can be recovered. 

Opisthorckis felincus. 

Ojnsthorckis virerrini. 

Adolescaria? escape from the c^sts in the duodenum and attach 
themselves to the duodenal mucosa. Thej' migrate along the mucosa 
to the opening of the common duct and entering it move along the 
duct to the small biliary radicles. Here they develop into adults 
and produce an irritative desquamation of the biliary epjtheljum 
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with subsequent proliferative regeneration of bile capillaries and 
periportal sclerosis. 

ParajoniwiMJU'Mfermani.— Theadolescariacxcystsinthe duodenal 
juice and actively penetrates the walls of the small intestine to the 
serosa along A\hich it travels until it reaches the diaphragm. It 
then passes through the peritoneum, diaphragm and pleura and 
invades the lung tissue proper. When it reaches the bronchioles 
it ceases its wanderings and grows to adulthood. Aberrant migra- 
tion may bring the larva to organs other than the lungs. They 
have been found in the liver, peritoneum, testicles, and brain, and 
located in muscles in various places about the body. 

The adult fluke forms a thick-walled reactionary cyst about 
itself which may be relatively quiescent or may suppurate and 
ulcerate. 

Toxic products may be absorbed. They produce eosinoplulia 
and a positive aIexin-fi.\ation reaction. 

Schistosoma heinatobiutn. 

Schistosoma japonicum. 

Schistosoma mansoni. 

The eercarife of these three blood flukes on coming into contact 
with moist skin digest their way through it by means of histolj-tic 
ferments produced in their cephalic glands. I'rom the subcutaneous 
tissue spaces they invade the blood-vessels or lymphatics and are 
carried directly or indirectly to the general circulation by passage 
through the lungs. The subsequent pathogenesis produced by the 
different types of parasites is coniiuoti to all of them up to the time 
of maturation of the adult flukes and consists largely of local toxic 
reactions to the young larvse in various tissues of the body where 
they become caught in the capillaries and general intoxication 
manifested particularl\ by fever and urticaria. Further patho- 
genesis is dependent on the ultimate tissues in which the adults 
mate and reproduce. 5. hemafobium reveals itself largely in lesions 
of the genito-urinary tract, 5. majisoni in the walls of the intestine, 
and S. japonicum in the liver and biliary system. 

Strongyloides stercoralis, — Filariform, infective stage larvje ac- 
tively penetrate tlie hair follicles and their Uuing cells and make 
their way into the subcutaneous tissue. In this location they either 
migrate along the lymphatics to the thoracic duct and reach the 
right heart or they invade capillarj' vessels and are carried to the 
right auricle by the blood stream. From the heart they are w'ashed 
into the pulmonaiy capillaries from which they bore their way out 
and then through the pulmonarj' epithelium make an exit into the 
alveolar spaces. They migrate on or are moved along the bronchial 
surfaces to the trachea and larjTix and on reaching the epiglottis 
and pharynx are carried down to the stomach with swallow’ed 
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matcmls. In the iloiim they burrow into the superficial layers of 
the mucous membrane iumI grow to adulthood. 

Larvfe may also invade the oral mucosa and initiate their ^\ander- 
inps from that point. 

Invatling larvtc produce an irritation dermatitis and a catarrhal 
enteritis. Adult «orms have an irritating toxic effect on the sub- 
mucous tissues and epithelial cells, partiailarly those of the intestinal 
glands. 

Taenin .rwi^iwntn.— \'ial>Ie cj'sticcrci arc liberated from cyshcerc«s 
hatis by digestive actioii in the stomach and duodenum. The 
young worm attachr.s Itself bj* its head end to the mucosa of the 
ileum and there grows to maturity. It produces a toxin which is 
responsible for the nervous manifestations. 

rnniifi sofiujii.— Viable evstieerei are lilieratcd from Cyslkemis 
crlliiluri^ by digestive notion in the stomach and duodenum. The 
young worm attaches itself by its bead end to the mucosa of the 
ileum and there grows to maturity. 

\’iable eggs ingested and arriving in the iluodcnum and ileum 
and eggs produced in *ilH by an a<lult already present in the intes- 
tine may hatch out ami the larvie penetrate the intestinal wall. . 
From here they invnrlc the blood or lymph channels and are carried 
to many parts of the iKkly, particularly the brain, orbit, muscles, 
liver, and lungs wberc they metamorphose to cysliccrci. 

A toxin is probably responsible for the nervous manifestations of 
the intestinal tjpe of the parasite. Disturbances of glandular 
activity in the intestine may account for some of the gastro-intes- 
tinal symptoms. 

TrickinfUa Viable larvrc liberated from cysts by 

digestion in the gastric juice or larva? produced from a gravid female 
in the intestine actively invade the intestinal mucosa and enter 
small veins or lymphatics. They arc carried to the heart, then to 
the lungs and back to the heart by passage through the pulmonary 
capillaries. From the left heart they are scattered throughout die 
body, but only those arriving in striped muscles find a medium 
favorable for survival. Tlie diaphragm, tongue, and laryngeal 
muscles are most favorable. 

The larva? in the muscles undergo encystation as here they may 
Ihe for long periods of time e\cn though tlie cyst walls may become 
calcified. 

The adult worm in the intestine produces an irritative enteritis. 
The invading larvfe cause toxic myrnsitis during^ the period of 
invasion of the muscles and severe systemic reactions with fever 
and a high cosinophilia. Tlie reaction about the encysting Jarva 
is a degeneration of mti««cle fibers foUoA\ed by a proliferative inter- 
stitial myositis. 
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Trichocephahts /rie/iiwrw.— Rhabditiform larvie are liberated 
from the egg by digestion in the intestine. The active larvfe pass 
douTi the small intestine to the ctecum where they attach themselves 
to the mucosa and grow to adulthood. Some may invade the lumen 
of the appendix and develop there. 

There is ordinarily no significant lesion at the point of attach- 
ment but occasionally the head end of the parasite may invade as 
far as the mucosa or even penetrate the serous coat. Such lesions 
open the way for in\'asion by pathogenic bacteria. 

Other manifestations are probably due to local sympathetic 
irritation and reflexes, or possibly a general toxemia. A worm may 
cause mechanical obstruction of the lumen of the appendix. 

Wnchereria 6a»cro//i.— Mature larvie deposited on the skin 
during the act of biting by an infected mosquito {Aedes) rapidly 
invade the skin and reach the subcutaneous tissues. Here they 
invade the blood-vessels and are carried by the blood stream 
throughout the body. WTiere they lo<lge, they leave the blood- 
\'essels and enter the lymph spaces and channels. In these places 
they mature to adult males and females and reproduce offspring as 
microfilaria. 

Pathogenesis, if produced at all, is due to mechanical blockage 
of lymph channels or vessels (chylous ascites, elephantiasis of 
different organs and parts, chylocele and lymphatic varices) due 
either to the accumulation of the Tvorms themselves or the worms 
plus a fibrous, proliferative reaction In the lymph tracts and lymph 
glands. The adult filari® may damage the intima of small blood- 
vessels and permit invasion of the arteries and veins by circulating 
bacteria. This secondary infection is probably responsible for 
much of the inflammatory reactions in elephantoid lesions. 

Arthropods.— The larvje and a<Iults of these parasites possess, 
for the most part, well developed predatory apparatuses by which 
they can cling to human tissues or, burrow their way through them. 
In addition, many of them possess secretions from some parts of 
their bodies which are irritant and toxic. Those species which 
produce disease in man only by virtue of these toxic principles act 
in reality as. sources of poisons, and ate thetefote mote 

accurately placed under that category. Others, however, produce 
pathologic changes by virtue of other life activities and are con- 
sidered in the present section. 

The mosquito penetrates the normal skin oith its proboscis and 
in so doing produces minute openings for the entrance of bacteria. 
Secondary infection is far more likely to occur through excoriations 
made by scratching. The so-called immunity to mosquitoes shomi 
hy some people is probably a question of differences in sensitization 
and not true immunity. 
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Ticks attncli tlieiii^elvcs to the skin hy their month parts in the 
act of obtaininp a blood meal. Their bite may cause minute heinor- 
rliages, anti secontlary infection can occur through the wound and 
the small papule and vesicle which develops from the irritafion. 
Young atlult female ticks may, under poorly understood circum- 
stances, l)c the cause of a severe and frequently fatal acute ascending 
motor paralysis. It is not known whether this is due to a secretion 
elaborated by the aalivarj’ or rcpttKluctivc glands of the tick. 
Species of /Jermneenfor anel Ixoden have been fovtnd to he responsible 
for tick paralysis. 

The members of tbe genus Trombievla, of tlie itch mites, and 
Pedicuhtdea ren(ricosi.i, the grain itch-mite, attach tliemselves as 
larvte to tlie superficial layers of the skin. Only the mouth parts 
penetrate the skin. The local inflammatory urticarial reaction at 
the site of the bite is believe/l to be due to the irritant action of their 
saline saliva. Secondary infection may <»ccur through the wound, 
especially if it has Ijocn traumatized by scratching, 

Plifltiriua injuianfM, or the cralv-louse living on tbe pubic or 
other hair feeds from the skin and in so doing irritates it by some 
unidentifiwl secretion. It has been suggested that the pigment 
either of the louse body or its feces h the irritating factor. 

Pedlctdua attaches itself to the skin only during feeding. It pro- 
duces a mild, evanescent urticarial response. 

The adult female larva of Earcoptes acabiei is able to burrow its 
way into the superficial layers of the skin. Some irritating secretion 
is responsible for the intense itching and probably ako for the low- 
grade inflammatory reaction along the cour>.e of the burrow. The 
female lays eggs in the burrosv in which the young hatch ns Iftrv« 
and extend the burrow on their mvn account. 

Ciinex produces local urticarial wheals due to some secretion 
placed in the wound made by tbe mouth p.arts in the act of biting. 

Glossina and PuJex produce an ordinary irritating, stinging bite 
without any special pathologj- attacbctl to it. 

The majority of the cutaneous myiasis-producing flies develop 
from eggs deposited in the secretions, discharges and dead maten-ils 
on the surface of the body or in the superficial cavities. They are 
made up mostly of tlie Imt-llies and warble-flies and occasionally 
the domestic house flies. The young lan.’aj or maggots penetrate 
the soft material in which they are hatched and on reaching the 
neighbcjring tissues are able to invade it for greater or lesser di^ 
tances by means of their lateral hooks protrude<I through the mouth 
parts. Most of them are aided in rU likelihood by proteolytic 
ferments which they elaborate, and the softening action of accom- 
panying bacteria. Chryaamia mncdfnrio, the common screw-worm, 
is able to invade norma! tissues and even bone. Tlie Old ''^prld 
scrcw-wonn, Chnisomta htzdanum can only penetrate devitalized 
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tissues. As fly larvie bore their way through tissues they cause 
active destruction of the cells with necrosis and ulceration. Second- 
ary bacterial infection is generally present and produces pus. Large 
accumulations of larvie may obstruct nasal and aural passages. 
Screw-worms have been fotmd burrowing deep into body tissues 
and have been recovered from the interior of bones and the brain. 
Some sensitization is produced. 

The larvjE of the bot-IHes CoTdylobia anthropophagia and Derma- 
lohia hcnninis and of the warble-flies, llypoderma hotis, Wohl- 
fahrtia inngnifica and Woklfakrtia tigil can penetrate unbroken 
normal skin. They burrow through the superficial connective tissue 
layers but do not go deeper because they must remain in ready 
access to air. 

The larvfe which produce intestinal myiasis in man are not 
adapted to any prolonged parasitic existence and are in the intestinal 
canal only through accidental ingestion as larvae or matured eggs. 
They may attach themselves temporarily to the intestinal mucosa 
and produce minute hemorrhages. The bot-fly larvse are the ones 
most readily able to survive passage through the human alimentary 
tract. Massive accumulation of larvie may cause some degree of 
intestinal obstruction. 

Aural, nasal, orbital and urinary myiasis are caused by the same 
representatives of fl\ larvie as produce cutaneous myiasis, their 
special location giving them particular significance. 



CHAPTKn XUIL 

TirU IXTKRACl'IOXS BETWKEN HOST AND PARASITE. 

Tiir reactions of the human orpauism to the vital activities of 
Ie.sser organisms which are able to inv«(!e it are far from being 
entirely aflvnntngeous to the host, A casual consideration of the 
elements of pathogonesi.s outlined in the previous section will show 
that the invatlers have pro<iucc<l ilamagc of varying <legrecs— the 
e.ssencc of the meaning in pathogenic parasitism. Tliere are how- 
ever certain aspects of the liost reactions which have a distinct 
bearing on the success of the invasion and influence the host in its 
behavior towanl the entrtvitce of similar or closely allietl organisroB 
at some subsequent time. The present discussion is not concerned 
with those organisms in the environment of man which arc posi- 
tively unable to invade him. There are many such parasites of 
lower animals to which man is genetically insn«ceptible, not neces- 
sarily through tlie proce.ssos of immunity in the restricted sense of 
the term, hut because the genetic a.ssociations of the past have ne^cr 
worked toward such possible interactions. Nor is tliere any Interest 
at the moment in the organisms which parasitize nian and produce 
no disease, reserving the privilege however of anticipating the 
pr>s9ibiJity tJmt the future of man and the iion-pathoffen‘! may 
involve changes which will operate to bring about some harmful 
relationships. 

All host-parasite reactions are primarily cellular, that is they are 
initiated hy cellular activity and this In turn is chemical in nature. 
No exceptions are evident at this time to this broad generalization. 
Wliere it is conteiuletl that physical and meclianical forces are 
involvetl, analysis reveals that these forces may act to produce 
changes in kind but when the materials acted upon react it in^■olves 
chemical activities in tlie cells directly or in their products. The 
puncture of tlie skin or mucous membranes by metazoan parasites, 
for example, is more than physical; it involves reactionary chemical 
changes in the cells whose equilibrium has been disturbed, and this 
occurs even without the Inclusion of additional toxic substances m 
the process. 

Nowhere in the medical sciences is there so great a tendency to 
confuse the explanation of a process with its description as in the 
subject under consideration. On ewiy }i.snd in immunology, 
serology', and cellular pathology, end-processes have been set upas 
( 472 ) 
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entities and endowed with the \Trtues of causality. Precipitins, 
agglutinins, opsonins and so forth have been made to appear as 
deliberate purposeful agents wliich are able to perform such func- 
tions as their names connote, whereas there is at present no evidence 
that any one of tliem is strictly speaking either purposely defensive 
or even an isolable independent entity. Recent chemical investi- 
gations have shorn them of much of their former attributes and 
brought them down to the level of complex manifestations of under- 
standable chemical processes. 

THE PART PLAYED BY THE PARASITE. 

As the dev’elopment of the discussion on the host-reactions to 
disease agents proceeds, it will be noterl that the tendency is to 
bring many of the observed processes back to the causative agent 
for explanation. Thus, although the term aniigen has been in use 
for many years and its etymologic meaning has been well under- 
stood the “anti" fraction has been overemphasized at the expense 
of the whole word. That an antigen is an agent which calls forth 
reactions to it does not necessarily make it possible to examine the 
elements of the reacting substances as though they existed inde- 
pendently of the agent which produced them and on which they 
react. This ancient conception is fortunately being ove^thro^^’n. 

All antigens are believed to be protein, contain protein, or be 
intimately associated with proteins. This is true, however, only of 
the whole antigen. 

Fractional analyses of antigenic substances have shown them to 
be complex molecules or molecular aggregates, some part of which 
probably must be protein but the remainder may be of one or more 
different types of simple or complex chemical substances. The non- 
protein fraction called the hapten cannot by itself stimulate anti- 
antigenic substances (Antibodies). The protein fraction or 'protein 
component is the actual stimulator of antibody production. 

A brief review follows of the origin and nature of the antigenic 
and reacting substances so far identifietl with the host-parasite 
refationsfiip, and the mechanisms of the processes involved. 

Antigens are of two kinds— complete and incomplete. A compIeJc 
antigen according to the most modem concepts is defined by Gay 
as any agent which when introduced into the body combines the 
power of inducing antibody production with the capacity of reacting 
mth the corresponding immune bodies. Incomplete antigens or 
haptens cannot stimulate the production of immune bodies but 
have the ability' to react spedfically to them in vitro. 

Haptens may be either simple havens or complex haptens. The 
simple hapten is one which unites with antibody forming a com- 
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povmd that remains in dilution; a cornpfex hnjAcn unites with an 
antibody to form a precipitate in the test-tube. 

As it is stll) impossible to define an antibody with complete 
accuracy it is evident tiiat the above definitions, e.xpressed in terms 
of antibody production, may have to be changed later as the nature 
of antibodies becomes clearer. 

Complete antigens, ns expres3t*<l previously, are protein complexes 
witii large molecules of very high molecular weight. This is staterl 
with the reservation that certain non-protein substances given 
parenterally re.sult in antibwly pro<luction but it is not yet proven 
that tlicse simpler materials <lo not combine first with some body 
protein before initiating the reaction. 

As implied in the definitions the complete antigen or its "protein 
component" is the antibody stimulant whereas the hapten, by 
virtue of its combining powers with the antibodies so proiluced and 
those special antibojlien alone, provwles the specificity of the antigen- 
antibo«iy reaction. 

It has been deTnonstratethbat the hapten may i)e one of many kinds 
of chemical substances— poly.saccharid sugars,* azo-compounds, » 
arsphenamine,* anilines,* nitrobenzenes,* iodine* and lipoids.* 

Antibodies liave been demonstrated to result from the Introduc- 
tion into the human body of many forms of living disease agents. 
This is particularly true of the bacterial microorganisms and viruses 
but has also been shown in the case of some of the liigher forms of 
life. Interest is now centered largely on the point of origin of the 
antigens responsible for tlie.'ve antib^ies— that is, from uhat part 
or parts of the body of the paradte are they lii)erated and how 
do they become free to act? 

Chemical investigations of the l)acteria Iiave revealed the presence 
of antigenic sulwtances in their flagellje and different parts of their 
bodies. 

Although Be^’er and Ucagh* had identified the c-xistence of dis- 
tinct antigens in the flagella and cell body of the hog cholera bacillus 
as early as 1904 it was on the work of Weil and FelLx* in 1917 that 
the flaggellar antigens became designated by the letter II and the 
.somatic antigens by 0 (H standing for bavcli and O for ohne kniicli— 
with, and withont "exhalatioir'’ growth, respectively, on culture 
media). 

It has also been found that the S and 11 (smooth and rough) 
variants of bacteria describeil by Arkwright® differ in tlieir antigenic 

' Ifeidelherger, M., and Avery, O. T. Jour. Exp Med.. 38,73, 1923. 

> Landateiner, K.: New England Jour. Med . SIB, 1199, 1938. 

* Poruniann, H.: Handb. d path Mikrodrg . 3d ed , Berlin, vol. 3. 

‘ Beyer, 11. G . and Roagh, A L. Jour. Med Res , IS, 313, 1904 

» Weil, n . and Felix, A.. Wien Uin. Wchnachr . 30. 1509. 1917. 

* Arkwright. J.l Jour Path, and Barterwl , 23, 35S, 1930, Ibi<l , 34 .30, 19211 
Brit Jour. Exper. Path , 6, 23, 1924, 
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structure and that this in turn is €»rre!ated with the presence or 
absence of certain antigenic grouping at different points on or in 
the bacterial cell. 

A variety of graphic representations have been utilized to show 
the assum^ location of the different antigens in the bacterium but 
Topley^ gives a timely warning that “a diagram is not a picture and 
that by placing an antigen at the cell surface we are implying that 
it behaves as though it were there and bj’ placing it beneath the 
surface we mean that it seems, in the normal form of the organism, 
to be overshadowed bj’ some other bacterial component.” 

Nevertheless there is now no doubt that the accessibility of some 
antigen components to the action of specific antibodies is greater 
than others and that this has an important bearing on the types of 
reaction that can occur. Variations in this make-up occur under 
natural conditions in the dissociation of bacterial types and are 
accompanied by measurable differences in virulence. In general the 
S types are more virulent than the R although there are exceptions. 

The reader must be referre<l (o the original articles for a full 
description of these phenomena or to the excellent summaries in 
the more recent bacteriology’ texts. 

A single example in the pneumococcus will be given to show the 
application of these principles to a specific organism. (Taken from 
Topley.*) 

The haptens of the pneumococcus as isolated by Ileidelberger 
and Avery are probably confined to the capsule. They are: in 
Type I pneumococci— Galacturonic acid and amino-sugar de- 
rivative; Ty'pe II— Glucose; Type III— Glucose and glucuronic 
acid. Tlie loss of the capsule means the loss of these haptens and 
the type specific reactions of the organisms. The same investi- 
gators found also a nucleo-protein fraction which gave a precipitate 
with antisera corre.sponding to each of the three types. This antigen 
is l)elieved to lie beneath the capsule. 

The change from Smooth to Rough colonies is a change from the 
encapsulated state to the non-capsu!ated and from virulence to 
avirulence. 

When the autigeulc (antics of aw otgawlsra are looked at from 
the standpoint of the types of observable reactions which they 
elicit they are called by such terms as agglutinogenic and anti- 
toxigenic, or bacteriolysin-, hemolysin-, and precipitin-producing. 

Animal and vegetable parasites in many classes of their respecti>’e 
kingdoms possess in their substance, or elaborate, certain protein 
constituents which when introduced into man reveal themselves 

• Topley, W. W C.: An OuUine of Immunity. London, Edward Arnold & Co., 

loss 

* Topley, W. \K. C An outbne of Immunity, Baltimore, SVilliam Wood & Co., 
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by reactions on the part of the host which are desijjnated ns toxic. 
These toxiolty-produciiif? !>ubstiiuccs arc calltsl toxins. 'Diosc under 
c'otisiderntioti in this section arc all derivcxl frtmt orpanisins wliicli 
actually parasitize man, distiiiRuishinK them therefore from tliose 
which cause intoxication without parasitism (csrlcnterates, ants, 
iiccs, wasps, snakes, etc.) and are dealt witli iti the .section on 
Kxogenoiis Clicmical Agents. 

Beyond the fact tliat these parasitic toxins are probably all 
protein in nature little is known of them otiier than W’liat is revealed 
througli their heliavior. They are, with important exceptions, 
antigens and tiiereforc come witliin this class of parasite products. 

In the bacteria they arc divider! into exotoxins and endotoxins. 
The former arc elahorated and freerl into the bacterial environment 
(hiring the life of the ]iarnsite and thus l>elmvc as ihenigh they are 
secreted by the bacteria) body. This connotation is not only 
unnecessary, hut probably erroneous and until more is known of 
their nature and mechanism of production, should not be read into 
their behavior. The c.xotoxins are phannacologically active and 
antigenic. They arc specific and possess characteristic affinities for 
particular Iiost tissues. These differences are the only ones known 
which account for the dlfFerences in tlic symptoms produced by the 
invasion of specific hnctcria. Tlieir outstanding antigenic char- 
acteristic is their power to stimulate the production by the host of 
specific antitoxins wliich can neutralize them. 

Endotoxins arc vaguely defined toxic sulxstances closely If not 
pennancntlj associated with the bacterial cell during its life. 
Because the> are reicaled only on the disintegration of the cell it 
has been assumed that they arc in the cell and not liberated into 
the environment during cell life. This assumption is I>eing chal- 
lenged hut the term endotoxin is retaincsl as a working hypothesis 
because it sets up a distinction between those poisons which are 
diffusible in the media and can lie obtained apart from the live 
cell by filtration and those that cannot. 

Endotoxins are weakly anti-toxinogenic or not at all. They are, 
however, antigenic in otlier ways .such as in the stimulation of 
hemolysin formation. Their toxidty b of a much lower degree than 
that of the exotoxins. 

The majority of the viruses are antij^nic and call forth the 
formation of nnti-virubes which are collectively referred to as 
neutralizing antibodies. It seems probable that only living 
active viruses are able to stimulate antibody production. There 
is evidence from the fact that there are three types of foot-ancl- 
mouth disease virus, that viruses might possess different antigenic 
patterns. That they are protein b unquestioned but it is yet to be 
proven that non-protein haptens ate present and account for 
.specificity. Nevertheless, the tendency is to accept the little 
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evidence at hand that viruses may possess antigenic structures 
analogous to if not similar to the bacteria. No soluble toxins have 
been found in connection ^\ith any of the viruses, the organisms' 
presence in close association with living cells being the only mechan- 
ism of pathogenesis recognized so far. 

Inadequate information about the nature and structure of the 
Rickdlsia; makes it impossible to give any real indication of their 
antigenic poners. The effective immunity which results after 
infection with Dermacentroxemis ricketlsitp and Rickettmi proicazcki, 
the cross agglutination of the typhus organism with Bacillm proleus 
A'19, and the fleeting immunity which appears to be present be- 
tween relapses in Tsutsugamushi disease and trench fever are 
strongly presumptive of definite antigenic properties. 

'With the exception of Treponema pallidtivi and Treponema vincenti, 
all of the spirochetes are proven producers of humoral antibodies of 
the nature largely of agglutinins and Ijsins. They are highly tj-pe 
specific. No exotoxins have been demonstrated although the clinical 
evidences of infection by these oi^janisms indicate considerable 
toxicit.\ . 

The antigenic properties of the fungi are almost entirely limited 
to the production of substances which cause specific agglutination 
responses or tissue sensitization. Both of these are highly variable 
among the members of the class but are held generally by repre- 
sentatives of some of the genera. 

F&ngi Which Elicit Agglutination Responses. 

Epidermophytons. Coccidhides immitis. 

Endodermophytons. Sporotricluim. 

Monilia albicans. Actinomyces. 

Some few of the fungi produce a toxic substance which is not 
primarily active at the time of first invasion by the parasite. They 
only manifest their toxicity in indivkluals who have developed 
sensitivity through previous exposure to them. This departure 
from the behavior of true toxins has resulted in giving them the 
name Toxallergens. 

Fungi Which Elicit Sensitization. 

Epiderraophytoii. Monilia albicans. 

Endodermophyton. Coccidioides immitis. 

Trichoph\'ton. Sporotrichum 

Torida histolptica. 

Of the pathogenic Prfdozoa only Leishmania tropica and Try- 
panosoma gambiense give any evidence that they can produce anti- 
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body immunity iiml this rests on cUuical proimds ulonc. Wmt 
poisonous products they pive off or cause in the tissues of the host 
appear to act tlircctly without intennwliation of antitoxic or other 
substanc'cs; they arc tJjcrcfore not true toxins or toxnllerpciis. 

^l5c«rw limbricaldes, Kckiancoccua gramihsun and the Schis- 
(osomata are parasitic Helminths uliicli possess sensitizing powers, 
probably tlirouph elaht»ration of allet^-producinp toxins. In these 
and all other helminths there is no evidence of any antibody iiu- 
inuuity. 

Tlte Iiighor metazoan parasites nmoriB the Arlhropoih are neither 
Bcuerally sensitiziiiB nor iinmuiilziitB. Althouph mosr^uitoes, 
bedbups, ticks and some cutaneous inyiasis-producinB Hies show 
local iirtiearia-Iikc lesions at the site of the location of the parasite 
these responses are similar to the c/Fcets of tlie zootoxins of non- 
parasitie apenb of the same class of animals. 

The non-antigenic poisons produced from the protoplasm of 
living or dead parasitic agents cause local, general and special 
tissue reactions which form nn ifiteBral part of tlie whole picture of 
the disease in which they are implicateil. These fractions of the 
total pathogenic agents are lx*st looked upon however, as intoxi- 
cants. They are as a rule simpler compounds than the antigens 
and may even be simple chemical substances. Probably all patho- 
genic parasites po'^scss some such substances which are more or less 
toxic to their hosts. They may bo an important factor in tlicir 
primary invasion and subsequent local tissue effects. Wlien some 
of the larger compounds are looked at and nn analysis is madt^ul 
the reactions whicli they bring alKnit the> are seen to approach and 
actually overlap in some respects tlie phenomena o! nntigenesls. 
It is svell therefore that not too strict a dividing line be made at 
this point and to wait for clariricxition by further ads’ances in the 
science of immunology especially in respect to sensitization 
phenomena. 

A scries of obsers’ations commenciiiB with tliose of Bail in ISXK) 
and continucil by otliern up to the present have shown that when 
virulent bacteria g.ain admission to normal human tissues containing 
polymorphoiniclear leukocytes, the leukocytes move away from the 
vicinity of the organisms as though they were being repelled. Bail 
believed that this negative chemotactic effect was due to the action 
of a bacterial product A\hich he called aggressin. More recent terms 
applied to the same hypothetical substance are viniUn (Rosenow) 
and antiphagine (Tchistovitch and Yourevitch) all of them unfor- 
tunate normative expressions which Topley would correct by 
speaking only of the effect and calling it the aggressive action. 
Although filtrates can be obtained free of organisms which manifest 
this activity no substance has been identified with it. Gaj' and 
Topley express the view that they may be soluble haptens, com- 
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plete antigens, or endotoxins. They are not specific but are believed 
by the same authorities to have some influence in bringing about an 
anti-aggression effect. ^Veak and non-virulent organisms do not 
show aggressive action but on the contrary exhibit positive chemo- 
taxis toward leukocytes. 

Materials of somewhat similar nature in respect to their probable 
origin but which are destructive to leukocytes are also found in 
bacterial exudates. These so-called leukocidinsf are toxic to the 
leukocytes after the organisms have been phagocv-tized by them. 
They are especially active in the virulent staphylococci and strepto- 
cocci. They are apparently soluble toxins which are capable also 
of eliciting anti-leukocidins. 

Enzjme activity has long been known to be a common property 
of bacteria, and enzymes are frequently mentioned in the descrip- 
tion of the vital processes of fungi, protozoa and some metazoan 
parasites. The question has been raised but not answered as to 
vhat part these enzymes play in pathogenesis and resistance to 
infection. Tlae following, from Topley (Outline of Immunity) 
succinctly e.xpresses the possibilities: “It is reasonable to suppose 
that the occurrence in the tissues and body fluids of catalyzed 
chemical changes, proceeding independently of the normal body 
metabolism, might seriously interfere with the host’s nutritional 
economy. It seems quite possible that, whenever there is formed in 
the tissues a nidus of bacterial cells, alive or dead, there may result 
in the immediate neighborhood a diversion of the normal metabolic 
processes sufficiently serious to derange the local cell-activities. 
It is not impossible that the diffusion of bacterial enzymes might 
convert such a local effect into a more general one. 

“Should such factors be found to be concerned in the reaction 
between parasite and host they would consort well with our knowl- 
edge of certain aspects of infection and resistance. Thus it seems 
to be fairly definitely established that ferments are relatively 
ineffective antigens, that is, they fail to stimulate the formation of 
neutralizing antibodies when injected into the animal tissues, or do 
so only to a minimal degree. In this they share the characters of 
many so-called endotoxins.” 

THE PART PLAYED BY THE HOST. 

The host which is subjected to the action of the antigens of its 
parasite produces somewhere in its tissues a substance (or sub- 
stances) which reacts to tfiis foreign material and is called an 
antibody. It appears best to think of the antibody as a reacting 
agent which appears only as a response to the activities of the 
antigen and to soften the emphasis on the implication that it is an 
antagonist. 
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It lias almost definitely liccn proven tliat antibody is protein 
and probably a globulin or variation of it. Tlie cbeinical analyses of 
scrum antibodies iindcrtabcn by all investigators of the problem 
have invariably revealed that antilaidy is protein and so far as can 
be determined is not separable frmn the serum globulin. Carried 
to its farthest practicable fractionation it remains indistinguishable 
from globulin except in that antibody globulin is slightly more 
basic than normal globulin. It was suggested by Ilucimer that 
antibody specificity wis nccountc<l for by the inclusion of some of 
the antigenic suhstance in the antibody coniplcv. This assumption 
appears to have been proven wrong by the work <5f Heidelbcrgcr 
and Kcndalb nlio sho\\c<l that the antilmdy to a red azo protein 
(U-salt-azo-bcnzidinc-a?o crA-stalline egg albumin) antigen was 
not red, ns was the sx)ecific hapten, but colorless. Beside this 
colorimetric test the .same authors determined that the cjiiantity 
of antibody produced from a minimal amount of antigen could not be 
explained by the participation of specific antigen fragments in the 
antibody. This has further comilKimtion in the work of Marrack,* 
njio showed that diphtheria antitoxin beliaves as though it were 
identical A\ith scrum pseudoglobutin an<! the amoimt of fioccules 
precipitated by diphtheria toxin»antltoxln reaction is independent 
of other serum protcin’i present ornilded. 

If it can be assumed that nntilKMly is a function of globulin the 
problem arNes as to what may be the nature of the change in the 
normal serum globulin by which it is endowed with thb acquired 
attriliute. 

BreinI and Ilaurowitz* conceive that the antigen acts at the 
point of formation of serum globulin in ways indicated by the specific 
nature of the antigen so that when antigen and antibody meet 
tliey are enabled to internet in a specific way. liludd* e.xprcsses .s 
similar idea. For him it is a stoichioinetric or absorptive process 
lietwecii the antigen and the elemental units out of which the 
globulin is built so that the new antibody-globulin has a stereo- 
cheniical correspondence with the antigen and is therefore specific 
for it. 

These hypotheses can hardly l»e expccte<I to hold unaltered under 
the acquisition of new knowledge but they do in their general 
implications point to very likely possibilities. The information 
on w'hich they are built and many other data undoubtedly are 
directing the trend away from the time-honored side-chain theory 
of Ehrlich, at least in this respect. 

' llMileUicTgCT. M Conlnfaubmis to Chemilry 1o Vho Knov.leUge of loimune 
Prorc'weB, Harvpy Society t/ocC.. Ne* York City. March 17, 1933. Medicine. 12, 
270. 1933. 

> Marrack, J R • Chemiatry of Antigeoa and Antibodies Med. Res. Counc , 
Hia Ma^CBty'a Stationery Office. 1934. 

* Breinl, F., and Haurowitr, F.; Ztsehr f physio! Cbem , 192, 45. 1930. 

* Mudd, S.i Jour. Immunol-. 23, 423. 1932. 
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On the evidence at hand and visualization of the possible processes 
as outlined above it is impossible to do more tJian guess at the point 
of origin of the antibodies. It is not kno^m for instance where serum- 
globulin is synthesized. There is strong evidence that antibody 
formation may be a function of the elements of the reticulo-endo- 
thelial system. Cells of other tissues have not been denied the 
possibility of participating in antibody formation but the case for 
them does not rest on as impressive grounds as does that for the 
reticulo-endotheliura. It \\ould be much beyond the scope of this 
x\ork to record the details of the controversy on this point. Dis- 
cussion of the manifestations of antibody activity will be delayed 
until after consideration of the remaining responsive parts played by 
the host. 

One of the oldest responsive activities of the host, historically, 
is the behavior of the leukocytes in the face of foreign antigens. 
Factually it is observed that the leukoo'tes increase or decrease 
in numbers, either locally or generally, in the presence of an antigen. 
There is furthermore a qualitative change in the types of leukocytes 
present in the vicinity of the invading substance and this or other 
changes may also occur in the systemic circulation. There is a 
tendency for certain groups of antigens to stimulate similar but 
not necessarily specific pictures of leukocytic response. 

It is now quite certain that the local manifestations are due to 
chemical attraction or repulsion between the antigen and the 
leukocytes. (Repulsion has been dealt with in the consideration 
of aggressins, page 478.) Attraction between the antigen and 
leukocyte is ascribed by Wells to lowering of the surface tension 
on the side of the leukocytes directed toward the antigen. This 
positive chemotaxis, aided by the active ameboid movement of the 
leukocyte, causes the white blood cell to approach the invader. 
It is therefore a vital, active response on the part of definite, free, 
cellular elements of the host. 

The leukocytes most actively engaged in the process of -phago- 
cytosis are the polymorphomiclears and wandering macrophages. 
Their freedom of motion and the extrusion of pseudopods represents 
a fluidity which permits them to respond in such a way that, con- 
tinuing to follow the laws of chemotaxis, they not only approach 
the bacterium or other foreign antigen, but flow over and around 
it until the in\ ader is engulfed in the protoplasm of the leukocyte. 
In this position the antigen-bearing body is open to the influence of 
leukocytic enzymes, and if susceptible to them is destroyed. 

Fixed tissue cells and especially the sessile macrophages of the 
reticulo-endothelial system also phagocytize. Their enzymes are 
believed to differ in type from those of the polymorphonuclear 
leukocytes. 

Although, among the bacteria at least, many of the organisms are 
31 
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destroyed by pliaROcytosi-H tins is not iiti inevitable result and 
phagocytosis is not tantamount to destruction of the antif'cn. In 
some instances to be discussed later such intra-cellular existenc-e 
may protect the orpanisma from harmful extracellular environmental 
factors. 

Amnnp the liighcr organisms such as the protozoa, the clasinato- 
eytes are more particularly stimulatc<l hy the antigens and in the 
helminths the response is rcprcscnte<l by ait increase in the eirculat- 
iiig cosino])hiles. Senshizing phenomena in allergy arc frequently 
characterized by eosinoplnlia. 

Normal Iniman serum contains n substance called akxin or 
complenient wlucli is an important essential element in the functions 
opposed to tlic action of foreign antigens in the host. It is chemically 
a complex protein mmlc op of nUnmiin anil globtilin and probably 
two more fractions as yet unidentified. Although the known 
activities of alexin will be considereil in more detail later it can be 
stated here that the whole alexin ts alone able to operate against 
introduced antigens. That is, neither the albumin nor tiie globulin 
by themselves can consummate the actions attributed to the whole 
alexin. 

From all evidence at hand alexin is not produced by the action 
of any known antigen but appears to be a part of normal serum and 
originates in the bo<iy ns the result of normal physiologic processes. 
It is thermolabile and is made inactive by lieating at S5" C. for one- 
half hour. It may also be ^nacti^oted b.N meehanleal agitation. 
The claim that it is an enzyme is ba.se<l almost entirely on Us 
thennolability so that its identification with the enzymes is not 
firmly established. The source of alexin has not been determined. 
There are proponents of Elirlich’s view that it is a normal prod\ict 
of leukocytes but this contention as attractive as it is has not been 
supported by scientific evidence. For full discussions of this inter- 
esting body the reader is refermi to the contrasting views presented 
by Ehrlich and Bordet and the work of Pfeifi'er, Ga^ and others. 

Most of the antigen-antibody reactions are dependent on the 
presence of alexin. These are discussed in the next section. 

Parasite « — »Host Reactions.— In the preceding sections loiislder- 
tion has been given to the fundamental substances which are a part 
of or produced by invading organisms, and those jirescnt m, or 
caused to be formed by, the host. 

Under natural conditions the antigens are introduced into a host 
with living organisms ami thor presence results in the formation 
of antibodies which react in turn upon the antigens. Antigens can 
be separated by ^'nrious procedures outside of the host from the 
organisms which fonnefl them, and the antigens so obtained may 
then be introdiic-ed artifically into tl«e tissues of an individual who 
may or may not have had prexdous experience with these particular 
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antipens. Or host material and antigens may be caused to react 
together in the test-tube, the antigens remaining intact in the 
organisms or separated from them. 

These three possibilities outline the important methods of ob- 
serving the reactions between host and parasite materials. 

In the living host with living pathogenic organisms which have 
gained admission to it the obser\'able phenomena produced by 
antigen-antibody reactions are manifested by lysis and phagocj'tosis 
of the invaders and neutralization of their toxins. These phenomena 
are explained most satisfactorily by a process w’hich has been 
simplified to a few generalizations which appear at present to have 
withstood the test of scientific proof. 

Commencing with the antigen, it has been previously stated that 
the proiein component stimulates the formation of antibody by the 
host and that this appears to be of the nature of a globulin, which is 
synthesized in a particular waj* under the influence of the specific 
haptens present in the antigen. A reaction now takes place between 
the specifically formed antibody and the specifically determined 
hapten of the whole antigen which results in chemical changes that 
sensitize the organisms on which the reactions occur to the action of 
alerin which was normally present in the host even before the 
arrival of the antigen. The result to the organism is determined by 
the location of the antigen-hapten compound in or on the body or 
other parts of the organism. 

Lysis of fhe organism occurs when the antigen-antibody com- 
bination takes place on the surface of the body of the organism 
(bacterium) where the antigen Is a fixed part of the cell structure. 
It occurs only in the presence of complement to which the organism 
is susceptible. 

Phagocytosis of the organism is enhance<l by upsonins developed 
by the host in response to the antigen. These antigens sensitize 
the bacterial or other cell to the action of the wandering and fixed 
phagocytic cells of the host. Opsonins are formed when the antigen- 
antibody combination takes place on the surface of the invading 
cel! body. 

Neutralization of toxin by a specific antitoxin takes place in the 
circulating fluids of the body. The toxin being itself antigenic 
stimulates the formation of its specific antitoxin. Toxin (exotoxin) 
and antitoxin, both of which are present in the fluids and separate 
from the cells which produced them, undergo direct combination 
which results in the neutralization of the toxin. This reaction is 
therefore entirely independent of the location of the toxin in the 
bacterial cell other than the requirement that it be an exotoxin. 
(It has been observed earlier in this work that endotoxins as here 
considered are non-antigenic.) 

These happenings are all in favor of the infected host for they 
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mitigate against the gro^\tli ami multiplication of the invaders and 
are antagonistic to the action of their poisons. For this reason the 
antibodies concerned arc call«l proledirr ujilihodies and form an 
important part of the defensive niecliunisms of the host. Phago- 
c} tized cells are further acted upon by the processes of the leukocytes 
and eventually cleared from the body of the host as are all other 
inert foreign materinls. 

Tlie rate of formation of antibodies following introduction of 
antigens varies with the quality and amount of tlie antigens. It 
is not immediate but is chaTactcrixcil by a lag periml and then the 
appearance of the antibody in increasing titres ulthin the iie.xttwo 
or three uecks when it attains its maximum. From then on it 
declines at varj. ing rates. It may <ltsappear entirely within a few 
months or persist for years. Wien a host is ngaiii subjected to the 
same antigen responsible for the formation of the specific antibody 
on the previous occasion, the Iwdy responds more rapidly in the 
production of new bwllcs than liefore. Tins “training” is sometimes 
referred to as the nnnmnestic rcadion as though the tissues remein' 
bered uhat was expectwl of them! The result of this persistence 
and re-formation of antilHKlies Is one phase of Immumt}/. 

The sum total of bacteriolysis, phagocytosis, destruction of 
phagocytized liactcria and tlieir removal by the rcticnlo-endotlielial 
elements constitutes the clearing mechanism of the body. Although 
these results are more clearly seen against invading bacteria the 
same mechanisms are involvtxl in the protection against other 
organisms xvlterever it is foun<l that their antigens stimulate the 
formation of lysins, opsinins ami antitoxins. It Is present in the 
case of the viruses and has been demonstrated against some of the 
treponemas, is strongly suspected in the case of the rickettsias, 
is presumptive among a few of the protozoa (Icishmauia and try- 
panosoma), hut has not been identified in the fungi, helminths, or 
artliropods unless c-onsidcration is given to the reactions following 
the introduction of their toxallergens. 

From the foregoing discussion it is seen that the main mechanisms 
of defense, at least after invasion has occurred, are functions of both 
the cells and fluids of the host— a unity of action uhidi has cor- 
related the facts in the old eontrosersy between cellular and humoral 
iminuTiity. This is not to he confused T\ith the questio-n t>f kwwl 
(tissue) reraiis general immunity. Ixital immunity is the resistance 
of a given area or a given tissue and may itself be evidence of cell 
activity and antibodies brought into the area from the general 
circulation or produced in aUu. Strict interpretation of tissue 
immunity would require that any (or all) cells are capable of com- 
bining with antigen (fixation). Tills belief is being strongly pressed 
by Kalm' but his contentions have not been fully established. 

' Kahn, R. L.. Tissue Reactions Jo Iminunity. XIV, Science, 79, 172, 1934. 
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Nevertheless, the reported results of tliis investigator’s studies 
demand serious consideration. 

When a human host becomes invaded a second time by a given 
organism he frequently exhibits certain reactions not present at his 
first experience with the antigen. The general nature of this reac- 
tion gives an appearance as though the host were particularly 
sensitive to the organism and the phenomenon as a whole has been 
termed hyperseimtireness. It is a highly variable reaction even 
under what appear on the surface to be similar circumstances. The 
variations are now believed to depend on the nature and dose of the 
antigen, the tissues through which it is introduced, the time elapsed 
since the prevdous experience with the same antigen and probably 
other factors such as diet, constitutional inherited factors, and 
others not yet determined. 

Since only living agents of disease are now under consideration it is 
necessary only to remind the reader that hypersensitiveness to 
antigens other than those of living agents is a frequent occurrence 
and is embraced under the reactions kno«7t as anaphylaxis, anaphj- 
lactic shock, allerg> , drug idiosj ncrasies and atopy. 

A discussion of the clinical manifestations of these conditions 
would be out of place in this book bat it is necessary to outline the 
current views on the underlying mechanisms and processes involved. 

In the first place the tendency is to unify all of the phenomena 
under the single heading hypersensitiveness. This is done on the 
assumption that the basic mechanism which involves antigen- 
antibody reactions is common to all. It is admitted at the same 
time that complete proof of this unity is lacking. However, the 
similarities in those aspects which have been investigated most 
thoroughly appear to outneigh the differences and point strongly 
in favor of a single mechanism with variable manifestations. A 
further step has been taken to link hypersensitiveness with im- 
munity- This too lias important points in its fa^'or which, if upheld 
would lead to a true Unitarian Hypothesis. 

Hypersensitivity to living organisms is specific; that is, the 
second experience must involve the same specific antigen that pro- 
duced the sensitivity in the first place. In the case of bacteria it is 
fairly well established that the antigen produces an antibody 
response and that the antigen-antibody reaction takes place on or in 
the cells of the host. This results in the removal of the antibody from 
circulation which is consummated in from eight to twelve days. 
At a time subsequent to this interval the introduction of an antigen 
similar to that of the first reaction will now produce a new tj’pe of 
reaction ^\hich apparently is due to a sensitive state induced in the 
host cells by the former antigen-antibody reaction. The result 
seems to be harmful to the cells and the injury brought about is 
characterized by the formation of some toxic split-protein product 



48G THE INTERACTIONS BETWEEN HOST AND PARASITE 


derived citlier from the cell, the antij^cn or bntli. Tlie histopatho- 
logic picture at the site of the reaction K Jiighly suggestive tliat the 
toxic agent responaihle for it n histannn or n histainin-like sul>- 
stance. This same substance produced in larger amounts may be 
carried by the circulation and brought in contact with histamin- 
sensitive cells. The injury induced in them could readily account 
for the phenomena of anaphylactic shock. 

The local reaction is inflammatory and exudative in character. 
The exudative reaction in tuberculin sensitive tissues brought about 
by the intnxUiction of new tubercle bacillus antigen or its sudden 
increase or spread in the Ixxly is the cla.ss>ical example of this kind of 
reaction. 

An excess of antibody in the circulation protects the antigen- 
antibody combination on the cells and inhibits any allergic reactions 
while the excess persists. Wliile this protection lasts, no acute 
reactions to new antigens can occur. This refractory period is 
termed Demmtlzatian. It is not permanent but nears off as 
rapidly as the antibody becomes removed from the circulation. 
When entirely removed the tissues become as susceptible as before 
and persist so probably for the rest of the indivulual’s life. Desensi- 
tizatlou can be artifically induced by the introduction of more 
antigen during the period when the first antigen-antibody fixation 
is taking place because tins results In excess circulating antibody 
which does not permit tlic new antigen to affect the cells, 

Ffiedberger’s original “anaphylotoxins” were believer! to be 
formed in the circulation as a result of the combination of antibody 
with antigen in the presence of alexin. This new split-protein prod- 
uct was then held to be responsible for the aj mptoms of anaphylaxis. 
The theory of the cellular origin of the toxic material is proving to be 
more popular than this liistorlcally older conception. Nevertheless 
the circulatory source of tlic reactors in some of the hj’perseiisiti\’e 
states is not denied. It may be that the mechanisms of anaphylac- 
toid reactions and drug idiosyncrasies depend on changes taking 
place primarily in the blood serum. 

Ilj'persensitiveness is generally looked upon ns detrimental to 
the host and it cannot lie doubted that this may be so in some 
of its aspects. It must certainly be so in anaphylactic shock which 
foffows a sudden increase in antigen m tfte boffy, usuafly the result 
of its introtluction by artificial means. But looked at in its entirety 
and especially in its relation to the local inflammatory peculiarities 
accompanying it, it is difficult to divorce this antigen-antibody 
response from the immune processes which seem to depend on a 
similar mechanism. Local tissue immunity already has consider- 
able proof of its existence and cellular immunity is being seriously 
considered. Hyperbcnsitivewss may readily partake in Imtb of 
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these complexes and in waj s not yet known enhance the ultimate 
outcome in favor of the host. 

For more detailed discussion of this subject the reader must refer 
to the more exhaustive contributions of Coca,‘ Dale,* Gay,* Land- 
steiner,^ Weil,® Doerr,® Sulzberger/ and others. 

Immune bodies which are effective against human pathogenic 
organisms can sometimes be produced in the bodies of other animals. 
This is accomplished by artifically subjecting such animals as the 
horse, goat and smaller laboratorj' animals to living organisms or 
their proflucts. By I’arying the dose of tlie antigenic substance and 
controlling the frequency of administration, or by selecting more or 
less virulent strains of the organism, the animal may be forced to 
respond to a degree greater than that resulting from natural infec- 
tion. The serum or other tissues of the animal in which the re- 
sponsive bodies may be found can then be taken from the animal 
and after treatment of many kinds administered to man. Since 
these animal antibodies have been formed in response to human 
pathogens they will be specific for them and add to the quantity 
of similar specific antibodies in the tissues of man, or, if he has 
never before produced such specific protective substances, the animal 
antibodies will act for them. 

Many pathogenic bacteria can be gro^m on artificial media out- 
side of the body and their antigenic products used to stimulate 
antibody formation in man. The antigen as used may remain in 
the bodies of living organisms, but when this method is used the 
bacteria must be of a naturally harmless strain or rendered less 
virulent by different culture procedures, or may be killed but left 
intact. Or the bacterial substances which pass into the media may 
be separated from the bodies of the organisms and the materials 
on which they were grown and tlien injected into the tissues of man 
to augment his protection against accidental invasion by the same 
organisms. It is also possible to break up the bacteria and so obtain 
antigenic substances which were not diffused into the medium. 
A relatively recent procedure has been devised by which the bac- 
terial antigens can be separated into their constituent haptens and 
protein components and tliese fractions then used alone or in new’ 
artificial combinations for the purpose of obtaining highlj' specific 
reactions against them in man. 

These artificial methods of stimulating antibody formation in 
the human or passively protecting him by preformed antibodies are 

’ Coca, A. F., and Cook, R A Jour ImmuDol., 8, 163. 1923. 

* Dale. II. II.. Jour. Fharm and Exper. Therap , 4, 167, 1913 

» Gay. F. P.- Agents of Disease and Host Resistance, Baltimore. Charles C. 
Thomas, 1935. 

* Landstemer, K.: New England Jour. Med , 215, 1199. 1936. 

‘ Wed. R.: Jour. Med. Rea . 27, 497, 1913. 

* Doerr, R • Ergebn Ilyg , 16, 71, 1922. 

' Sulzberger, M B., and Mayer, R. L Arch Dermal, and Sjph , 24, 537, 1931. 
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the basis of all vaccine and scrum therapy and prevcnti\ e immuniza- 
tion. Because they arc defensive in nature they will be considered 
more fully in a later section which deals with the tlefeobe against 
invading organisms. 

The in tilro antigen-antibody reactions such as agglutination and 
precipitation are highly germaine to the whole subject under dis- 
cussion but fall outside of the immediate scope of Iiost-parasite 
reactions taking place within the host, 'Pliey are of e.vtreme im- 
portance in the study of immunity' and have been responsible for 
moat of the advances in the knowletlge of the l>chavior of pathogenic 
parasites, their genetic relationships, and the vital processes involved 
in infectious diseases of man ami animals. They are nko indis- 
pensable in specific diagnosis. They are innitted from discussion 
here because they are more appropriately dealt with in the literature 
on general and special bacteriology, immunology and rliagnostic 
procedures. 

Man's Total Reactivity to Pathogenic Invaders,— The entire man, 
faced with on invntling parasite which is potentially harmful to him, 
presents a state of possible wactivitj to it nhich is commonly 
expressed in terms of susceptibility and resistance. The study of 
this state has reveale<l that it is invariably reactive in nature, or in 
other nords that man is never passis'e in his relationsliip with organ- 
isms that invade him cither at the time when the invader first comes 
into intimate association with his tissues or at any period after 
invasion. 

This total reactivity is the result of all of the processes involved 
in tiie vital acti\itie3 of the parasite, the functions of the cells and 
tissues of the host, and the interactions between the two organisms. 
It is therefore, the condition or state of the individual at any given 
moment, represented by his ability to react in a particular uny to a 
particular organism under certain conditions. 

The state of total reactivity has been attained as a result of 
genetic factors in his hereditary make-up, the pas.sive transference 
of reactive elements or potentialities to him at a time uhen he as an 
individual was dependent on hb mother, or administered to him 
subsequent to his birth, and to past experiences with organisms 
which have invaded him in his prenatal or postnatal existence. 

In its broadest terras this total state embraces six recognizable 
aspects— Susceptibility, Immunity, and Sensitivity and their con- 
verses. Within these are included all of the phenomena of invasion, 
pathogenesis, resistance, and the processes of repair and restoration 
of function. These latter processes have been reviewed in the pre- 
ceding chapters; the concern at the moment is with their results. 

Susceptibility and Non'^usceptibility.— The state of susceptibility 
is most commonly referred to as the non-immune state but this b 
incorrect because there are factors which operate to reduce suscepti- 
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bility which are not concerned with the processes of immunity. 
As an extreme instance the human is not susceptible to avian 
malaria but this is not due to immunity. 

Susceptibility on the other hand is more than the absence of 
immunity. It may involve active- enhancement by the host of 
bacterial invasion and patho^nesis. Certain metabolic states and 
stages of physiologic processes may favor the growth of organisms 
in spite of immune reactions. It must be admitted, however, that 
this probably occurs more often after invasion than before although 
local conditions in the skin and mucous membranes may favor 
invasion. 

If the definition of immunity is confined strictlj* to that state due 
to immune bodies, then many of the other defense processes and 
mechanisms of elimination w ill operate in favor of or in opposition 
to invading organisms. A large part of susceptibility would then 
be due to the weakness or absence of these non-immune defenses. 

Susceptibility is frequently a local phenomenon confined to a 
single tissue or organ or tjpe of cell. Ordinarily this is best ob- 
served in the selective action of bacterial products and is the cause of 
the different manifestations of the specific infectious diseases. If 
the selective tissues or cells are readil\ accessible to the processes of 
organisms brought to the body it will enhance their invasibility. 
If some bodily condition exists which operates against invasion it 
will lower the susceptibility of the individual as a whole. This is 
apt to be of great importance in diseases brought about by organisms 
'Rhieh are highly selective in their portals of entry. An attempt to 
make use of the principle has recently been tried against the virus 
of poliomyelitis by altering the surface conditions in the nose where 
the virus is supposed to gain entrance to the nerve terminals. 

Immunity and Non-immunity.— At the risk of being too particular 
immunity will be defined herein as a state of resistance and antagon- 
ism toward invading organisms due to particular qualities aroused 
in the tissues of the host in response to particular qualities possessed • 
by the pathogen. It vill always possess the characteristic of vital 
chemical reactions between the host and the parasite. In contrast to 
non-susceptibiIit>- it ignores those states and conditions brought 
about by factors not primarily due to the parasite but will admit 
that these factors may affect the mechanisms of immunity; the two 
will frequently be found to be functionally interdependent. 

The immunity present in an individual is said to be natural or 
acquired. These terras are satisfactorj- only to those who understand 
their meaning and ignore the connotations in the word natural. 
The processes and mechanisms by which an individual acquires 
artificial immunity are just as natural as those included under 
natural immunity. It is unfortunate that the medical sciences have 
employetl the word natural in a sense different from that of the 



490 THE INTERACTIONS BETWEEN HOST AND PARASITE 


other sciences). Colloquially, natural may imply non-artificial but 
this is linitlly scientific usape. Some other word is needed whicli 
implies an immunity whicli results ftotn natural processes not 
artificially induced. 

Topley has more nearly approached the proper use of ternis in liis 
classification of immunities into: 

1. Innate Immunity. 

(o) Complete. 

(6) Partial. 

2. Acquired Immunity. 

(fl) Active. 

(«) Naturally acquired. 

(b) Artificiall}' induced. 

(b) Passive. 

(n) Naturally acquireil (congenital). 
lb) Artificially induee<l. 

Innate immunity is for the most part a matter of non-suscepti- 
bility and not infrequently the result of generic differeftccs, spoken 
of ns Species and Racial Immunity. Furthermore it may possibly 
be due largely to inborn characteristics which influence the re- 
sistance of an individual to infections by the endowment of increased 
ability to produce the necessary antibodies against specific invaders. 
This constitutional type of specific immunity is strongly suspected 
but unproven. The future must differentiate between immune 
body immunities which arc inherent in the individual make-up and 
false immunities due to metabolic and constitutional differences 
wlucli create degrees of svtsceptibility not involve<l primarily in tlie 
strict immunizing mechanisms. 

The way in wjiich different diets, animal body temperature, age, 
sex, and environmental factors account for differences in degree of 
.innate immunity (susceptibility?) has not been determined. Until 
this can be done it seems wisest to conader innate immunity as non- 
susceptibility with a u41Iingnes.s to change as soon as any one of the 
factors mentioned is found to Iw a part of, or influence directly, the 
immune processes. 

Acquired immuniUj embraces almost all (if not all) immunity due 
to antigen-antibody reactions, “nie individual resistance which 
depends on this mechanism is then a comple.v of all of the lesser 
functions in the process which has been built up from previous 
experience with a few or many forms of parasite antigens. It is 
primarily an e-rperienfial immunity. 

The experience with foreign antigens derived from living organ- 
isms may have antedated birth and been the result of tran'imission' 
of the antigens or their corresponding antibodies from the maternal 
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circulation or tissues. When only the antibodies are received the 
fetus becomes more or less passively immtme to organisms of the 
same antigenic complex as those from which the maternal anti- 
bodies were derived. If the antigens themselves pass across or 
through the placental barrier or are introduced into the fetus by 
extension from embryonic tissues which surround it, the fetus may 
or may not develop antibodies by the activities of its own immune 
mechanisms. The infant born under either of these possibilities 
may therefore be congenitally immune. 

Active immunity is gained under exposure to infective agents in 
the environment in the ordmaiy experiences of existence. In this 
sense it is a naturally acquired immunity. The degree to which a 
given individual is immune and the number of organisms against 
which he is immune is determined by the extent of his experience, 
the degree and intensitj of exposure, and all of the non-immunologic 
factors which participate in the processes b}' which organisms are 
favored or antagonized in their attempted invasion. It is here that 
the part placed by the secondaiy causes -can be most clearly seen. 
They are contributing causes in that they make possible or interfere 
with the initiation of the strictly immune processes. 

In general it can be said that the total acquired immunity is an 
expression of the opportunities presented to all of the organisms 
to which an individual has been exposed to force the immunizing 
potentialities into action and the sum of all individual factors which 
influence the success of the reactions in the direction of immunity. 

The total state of natural immunity is the above plus the passive 
and innate immunities. 

Immunity acquired by artificial methods consists in the exposure 
of the human tissues to selected antigens or the introduction into 
the body of antibodies already produced by antigens in other 
humans or lower animals. In the first instance the antigens call 
upon the individual to produce his own antibodies. If the response 
is effective it results in active artificial immunity against subsequent 
invasion by organisms bearing the same antigen. When antibodies 
only are introduced the antigenic stimulus is not present and the 
immunity mechanisms act for a time to protect the organism against 
the invasion of infective agents bearing antigens which can produce 
the same antibodies. The individual so protected possesses passive 
artificial immunity. 

In civilized populations today there are many individuals whose 
total immune state is made up of natural antibodies and artifically 
induced antibodies present in their tissues and on augmented 
responsiveness to future e3q>eriences with antigens which can 
stimulate the production of more of the same kinds of antibodies. 

This picture is complicated by the presence of sensitivity. In 
discussing this subject previously it was stated that its exact re- 
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lationsliip with the proeesyis of iniimiiiity was not yet settled. 
Nevertlifless its presence in an itulmdunl under given circumstances 
has considerable bearing on the immediate outcome of a new 
exposure to an antigen. The acute reactions of anaphylaxis may 
he all important to tlie survu'al of a person on whom artificial 
induction of immunity is attempted, and the lesser reactions of an 
allergic nature can hardly be callcil insignificant. 

Man, the unit of the human licnl, may possess cfjmplete insuscep- 
tibility to a parasite which is pathogenic to other animals or may 
succumb immediately to an organism even on his first experience 
with it. 

It is this potentiality to react in one way or another which makes 
up man’s total reactivity to parasitic invaders. It is the state of a 
given individual at any moment under a given set of circumstances. 

With this totalitarian view in mind it is possible to understand 
the degrees of success whicli an invading parasite obtains as 
measured by the outcome to the individual. 

Complete insusceptibility or complete immunity to any given 
parasite will mean that neither illscase nor death can occur. In the 
absence of complete insusceptibility the outcome o’ill be the resul- 
tant of the degree of susceptibility and the amount of immunity 
present against the particular organisms of a given strain or typo 
and virulence. Wlion susceptibility is high and immunity low or 
absent death may readily ensue. If, however, susceptibility of any 
degree is admitted the result will be dctermineil almost entirely by 
the amount of immunity. A high immunity may permit the 
organisms to survive for a long period of time as a latent infection 
without the formation of local lesions but as the amount of immunity 
is lessened the greater will be the probability that the organisms 
can gain a satisfactory foothold and set up local lesions or go on to 
systemic invasion and death. (Tlie conception on which the above 
account is based is shoum in graphic form in Topley’s “Outline of 
Immunity,’’ London, Edward Arnold, 1933.) 

The infected individual maj reveal evidences of the invasion by 
clinical manifestations of the disease or he may present all of the 
outward aspects of good health. The latter is especially true In 
latent wfectioTis. The use of this term has come into use in medical 
literature before it has been possible to define it with accuracy. It 
implies invasion by some pathogen but the resulting pathogenesis 
may not he demonstrable by the ordinary clinical procedures; the 
determination of its presence is usually indicated by special studies 
intended to reveal the presence or absence of serologic changes 
brought about by the specific agent. 

The carrier state is looked upon os a host parasite relationship 
in which the infective agent is not at the moment responsible for any 
existing pathologic processes. The organism m.a}' be on the body. 
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but it has not invaded its tissues or it inay be in the body and kept 
in complete abeyance by protective mechanisms. In the first 
instance tlie individual may never have been the subject of the 
disease which the organism he carries can produce. Such for example 
are the healthy carriers of meningococci and pneumococci in their 
naso-phaiynx but who have never had epidemic meningitis or lobar 
(diplococcal) pneumonia. The second consideration would be met by 
one who has had a specific infectious disease, the pathology of which 
has entirely cleared up, but who still harbors the organism in a 
harmless state of balance with the defense mechanisms of the body. 
The obvious difficulty in making an actual distinction between 
latent infection and the carrier state is the difficulty of establishing 
the presence or absence of current pathology. This is complicated 
still further bj' the possibility that a carrier maj at any moment 
become invaded by the organism he is carrying and that the course 
of a latent infection may be frustrate<l and the host-parasite rela- 
tionship sink (or rise) to the carrier state. 

Furthermore, the total reactivity of an individual is not static. 
Since the total state is a complex of iinmnne and non-immune proc- 
esses which combine to make him more or less invasible by a given 
organism any influences which act to strengthen or weaken the 
elements on which his resistive state rests will tend to disturb his 
equilibrium. 

Among the factors suspecte<l of influencing the total state are: 
dietary defects and indiscretions; poisonings by such generally 
acting substances as alcohol; metabolic and physiologic changes 
accompanying puberty and adolescence, pregnancy, fatigufe and 
exhaustion; intercurrent disease; and environmental changes in 
the meteorologic complex. Tliese are matters of common observa- 
tion which bear a high degree of statistical correlation with changing 
states of health, but unfortunately correlation is not proof. A 
scientific explanation for the effects produced by these factors is not 
yet at hand for any one of them. 

In summary it can be said that the individual faced with an 
invading organism will react at any moment in a wa>’ dictated by the 
past experience with that organism by either his race, his parents, 
or himself and possibly also to a degree determined by his immediate 
physiologic state and external environment. Because he is plastic 
in his reactions an understanding of his activity as a unit of a herd 
is essential to the interpretation of the phenomena of the herd of 
which he is a part. 

Phenomena of the Infected Herd. — When an organism which is 
capable of invading man exists in a human community it wdll tend 
to invade some of the members of that community according to 
whether conditions exist which favor or operate against its approach 
and acquisition by the human members, and the state of reactivity 
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of tlie latter toward it aiul subject to tlie invasive powers of the 
nrgauism itself. The probability of the survival of the organism in 
the commimity will then depend on the net result of the above 
c(iuilibrimn and the degree of- importance of man ns its obligate 
host. Could all of these factors be known tlie outcome of an 
experience of a gi% cn organism in a given herd could be predicted. 
Unfortunately this is impractical because neiUicr the herd nor its 
units arc static and there is a strong probability that tlie invasibility 
of the organism, from its own biological aspects, is also variable. 

There remain sufficient data, however, on which fairly definite 
judgments can be made. Tins is especially true in the instances of 
those organisms in which immunity reactions play a relatively small 
rdle against them, and their attack rate on man is largely dependent 
on opportunities for their acquisition by man. The extremes may 
be represented by the difficultj of preilicting the outcome of an 
invasion hy the virus of poliomyelitis or the diplitheria bacillus on 
the one haml, or the far more simple problem of the hookworm or 
the tapeworm on tlie other. 

Among many of the bacterial diseases immunity undovibtedly 
plays such an important part as to justify the application of the 
expression Herd Immunity to the major manifestation of the host- 
parasite milieu. In these diseases transmission of the parasite 
from host to host is relatively direct (except in the ease of those 
dependent on insect transmission) and it can be assumed that all 
members of the herd are about equally exposed or hat'e equal 
opportunities of e.tpo3ure. .-Mso, the variability of tlie organisms 
appears at present to be of rclativclj little importance. Further- 
more the majority of individuals are equally subject to all important 
environmental factors. ’Fhis leaves individual susceptibility and 
resistance as the outstanding influences that determine success or 
failure for the parasite. 

Topley (Outline of Immunity, 1933) lists sbe states in which the 
members of the herd exist in relation to past experiences with a 
given parasite (1) tlic typical case, (2) the atypical case, (3) the 
latent infected. (4) the healthy carrier, (5) the uninfected immune, 
and (0) the uninfected susceptible. Each of these represents a state 
of total reactinty toward the organism either in the direction of 
resistance or away from it. It can also be assumed that in 3 and 4 
tliere are no outward manifestations of the disease and these indi- 
viduals will be observed as apparentlj healthy members of the 
community along with 5 and 6. It was the demonstration of this 
which brought enliglitcnment to the study of epidemiology. As 
long as superficial observation by bedside studies formed the only 
criteria on which to base the pre\*alence of an infective organism 
in a community the reservoir of the infection was looked for in 
every place except where it actually exiated. 
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Healthy carrier^ and cases of latent infection are generally in the 
position to be unsuspected disseminators by virtue of their freedom 
to move about in the population and because they themselves may 
not be aware of their potential danger to others. 

Endemicity and epidemicity of an infectious bacterial disease 
are best understood by reference to the proportion of each of the 
above groups in the herd. If all are uninfected immunes and no 
new susceptibles are admitted to the herd no disease can develop. 
If all are uninfected susceptibles an organism introduced into the 
community may devastate the herd if the organism possesses severe 
enough \'irulence to produce one hundred percent fatality. Prac- 
ticalh’ a nen* bacterium brought into a virgin society does not carry 
such disastrous potentialities and some members attacked recover 
from the disease. Those who pass safely through the experience 
may then be left free of organisms and immune, or as healthy 
carriers, or latently infected. The community now settles down to 
an equilibrium with the organism which is manifested by the sporadic 
appearance of tJTjical and atypical cases among those who have 
lost all or part of their immunity respectively, and occasionally, as 
more and more of them become less and less immune and new 
recruits are added to the colony by birth and immigration, e suffi- 
cient number of susceptibles appear to permit a widespread invasion 
by the bacterium as an epidemic with large numbers of typical 
cases. But even then some susceptibles do not succumb to the 
infection because of the operation of other factors and they only 
pick up the organisms and become healthy carriers. 

The actual outbreak of an epidemic is dependent therefore on the 
perpetuation of the organism in the community in infected indi- 
viduals and its transmission almost simultaneously or in rapid 
succession to large numbers of susceptibles. The occasion and 
opportunity for this spread is probably supplied by environmental 
factors which may affect the biologic activities of the organism or 
the reactivity of the hosts or both, or in some way favor the sur- 
vival of the bacterium between hosts and enhance its accessibility 
to them. The actual dose of organisms per host may prove to be 
an irnpoTtant factor in many mstances. Mention must be made 
again of the possible role of dietaiy factors, age increase, and con- 
current diseases which may influence the reactivity of the herd 
as a whole against a particular invader. 

Artificial immunization of susceptible should act to keep dovm 
the possibilities of an epidemic but the actual fact of its effectiveness 
in human populations has not been definitely determined. tVhile 
this wholesale immunization is proceetling it is not unlikely that 
the carrier rate is increasing and it is obvious that the inability to 
control immunization completely might ultimately make the herd 
more widely infectious than before. Unfortunately immunization 
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sufficient to prevent (liscasc is not equally e/Tectivc in preventing the 
carrier state and therefore unteinpered optimism to\\anI tlie 
ultimate goal of wholesale immunization nntl eradication of a given 
disease is not warranted at present. 

In diseases like yellow fever, malaria and the trypanosomiases 
where the organisms exist entirely within their human and animal 
hosts the major determining influence on their continuance in a 
community is the ccolopc status of the lesser host. If the host 
survives in large numbers and has been successfully infected by the 
organism in question the incidence rate of the particular disea<« 
in a community will be high. Also the periodicity of Increases in 
the attack rate will be fietennined largely by factors which influence 
the animal host more than they do the parasite it contains. The 
seasonal prevalence of malaria is almost wholly dependent on such 
a factor. 

A complication may appear in the above picture when a reservoir 
host is added. In such an instance man becomes of relatively less 
importance but he cannot expect to eradicate the disease from his 
community so long ns the lower animal-reservoir relationship 
remains undisturbe<l. Althougli mild degrees of immunity may 
have n alight effect on the susceptibility of the human hosts in these 
diseases practically it is too mild to have very great significance for 
the herd. Infection immunity, as Is believed to bo the case in 
malaria, may Iw highly influential in keeping down large epidemics. 
Increases to epidemic proportions in malaria are believed to be 
largely due to exceptionally favorable environmental conditions 
which increase the mosquito population and therefore the mass 
infection rate of this indispensable disseminator of the parasite. 

Helminth and protozoan infection in a herd depends so largely 
on the opportunities offcretl for the propagation and dissemination 
of the parasite that the case rale is usually dependent on one or more 
relatively simple associathms between the parasite and its environ- 
ment. These have been rather fully reviewed in previous chapters 
to wliicli the reader is rcfcrretl. A complete account of the loci of 
each organism in the environment of man is given in an alphabetical 
list of the human pathogenic parasites beginning on page 395. 

For detailed studios of mouse populations infected with organisms 
under controlled conditions reference is made to the publications 
of Greenwood and Topley,* Greenwood, Newbold, Topley and 
Wilson,* Greenwood, Topley and Wilson,* and Marchah* 

‘ Greenwood. M , nnd Topley. W W C.* Jour llyg , 24 45. 1925 

* Green'Rood. M , 'Newbold. E M.Tiqid^.W %V C . hiid'Wdson. J . Jour IlyB, 
25, 330, 1926. Ibid . 28, 127, 192S 

* Greenwood M . Topicj, W. W. C , and Wilson, J : Jour. Ilyg , 31. 237, 1931; 
Ib\d . p 403-. Ibid . p 4S4 

* Marchal, J.: Jour Patb and Oocteml, 33, 713, 1030. 



CHAPTER XLIV. 


THE DEFENSE AGAINST INVADING ORGANISiMS. 

Man is safe from the patliogcnic parasites only insofar as he can 
avoid their ultimate invasion of his tissues. But since he is con- 
stantly circulating through the environment in which the parasites 
exist and they in turn are in active motion or are passively' trans- 
ported from place to place in the same environment it is impossible 
for him to avoid countless opportunities for parasitic invasion. 
The fact that many of the parasites depend on man for their sur- 
vival, and that man lives with man, multiplies the probability of 
chance invasion many fold. 

The problem of the prevention of infectious and parasitic diseases 
is therefore as wide as the environment in which roan moves and the 
organisms exist, and as narrow as the immediate portals of entry 
of the individual who is subject to invasion. 

The individual may take up Ids own defense against invaders. 
Under these circumstances he is acting independently on lus on n 
behalf. Or he may act for others socially dependent on him who 
voluntarily submit to his judgments and regulations. But even this 
autocratic individual is not permitted complete individuality. He 
is a member of society by virtue of biologic, social and economic 
demands that make it necessary for him to live with others of his 
kind. This demand for social living creates a responsibility on the 
part of society toward its own welfare and that of its members, and 
its earliest concerns therefore must be the health of the herd and 
its member units. 

The combination of individual responsibility and social solicitude 
makes up the total human attitude toward the defense against 
harmful living organisms in the environment. Out of the individu- 
ality must grow all efforts to stimulate the members of society to 
their ehare twwaiA the contioi hAeetVon awl parasitism 
in themselves and others, and from the social responsibility and 
solicitude must come the intelligent approach toward the 
maintenance of the health of the herd, as expressed today in the 
functions of Public Health. 

The mechanisms for the prevention and control of diseases caused 
by living agent.s in the socio-cnvironinental complex must act in 
such a way as to cut across the paths of the disease agents wherever 
• thej’ exist — they will necessarily operate on and around the mem- 
bers of the community, in every group and organization, at every 
point where the agents live, multiply and spread, and at the peri- 
32 ( 497 ) 
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plwry of the orgft\\i7C(l comimuiity where tlic parasites may gain 
admission to it. Tlie whole effort can he visualized as a spiral 
whose outermost circuit embraces the ^^hoIe conimunity and the 
ever diminishing turns cut fhrou{^ the society in narrowing drcles 
until the final twist involves the individual at the center. Tlie 
outer circle will represent the blanket measures thrown about the 
community for its protection from outside invaders, tlie lessening 
circles of the .spiral will cut across the processes uhitit favor the 
existence and spread of the organisms, and the central focal point 
uill be those mechanisms evolve<l to protect the individual from 
immediate invasion. 

In the ensuing discussion the concept of organization will he 
maintained irrespective of whetber the organized body be made 
up of few or many members. It will also be independent of tlie 
degree of organization provided only that it lias n relative perman- 
ence. In this sense an organization of buinan units may be a 
family , village, town, city , state or nation. Explicit social organiza- 
tion may be barely recognizable or as complex n-s the systems of a 
highly organized state. The fundamental interests of all arc the 
same and the same natural laws apply to each. The growth of a 
central authority will be un<lerstoo<l to be a necessary development 
as the complexity of the organization increases. Insofar as this 
authority is vested witli the duty of safeguarding the lienitli of the 
lierd it will be calle<I the Public Ilcnltb Authority. The terms 
community and society will he used interchangeably with social 
organisation. 

PROTECTION BT PURIFICATION OF THE WATER SUPPLY. 

Among the primary interests of every wicinl organization U the 
mainten.ancc of its water supply. WTiere the concern was formerly 
only with the quantity of water, it now demands tJiat it be quali- 
tatively piu-e. Tills has grown out of the knowledge that water 
is a potential bearer ol many infective agents. A study of the 
sources of contamination, together with knowledge of the types of 
organisms carried hy water, permits the application of cirectbe 
measures which w’ill prevent contamination of the supply and 
destroy' or remove sucli harmful living disease agents as might 
already have gained a«-ess to it. 

The smaller the social unit the more individual will be its water 
supply. In rural areas this is most frequently the homestead w ith its 
stream, spring, well, or cistern. All of these sources can be readily 
contaminated the most common coming from circumstances which 
permit the entrance of human and animal excreta. A stream, by 
its very nature, is lower than the ground about it and contimialiy 
receives the ground w ater seeping through its banks and the surface 
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water Inch runs off after a rain or is tlirown onto the ground 
around the dwellings. In this way feces and urine W'hich contain 
pathogenic organisms are readilj washed into the water supply. 
Because of tlieir constant flow away from the source of contamina- 
tion, streams are likely to be more dangerous sources of water for 
those living down-stream than for those who contaminate them. 

Surface springs and wells become contaminated in the same way 
but because the water in them is relatively still there is more oppor- 
tunity for a higher concentration of the contaminating material. 
Unless there are definite faults in the earth about deep springs and 
wells it is doubtful if many organisms can gain entrance by way of 
the soil except through the upper foot or more of ground. If deep 
earth w all privies and cess-pools arc near a spring or well they may 
penetrate the same porous layer and permit the seepage of con- 
taminating materials into the water supply. Wells drawn by a 
pump may have their water level so lower^ as to create a new’ flow 
of ground water toward them and thus add to the possibilities of 
contamination. In springs and wells in which there is little or no 
surface overflow refuse and foreign matter may fall in and remain 
floating on the surface or in suspension, or settle to the bottom. 
Deep wells which give an otherwise pure supply of water may be 
contaminated by faulty construction at the ground levels or leaks 
and breaks whicli result from wear and tear of pumps, windlasses, 
etc. Even artesian wells can be made unsafe by rust holes, cracks, 
and faults occurring in tiie region of the upper ground w-ater or at 
the surface level. 

Cisterns are filled bj rain water which falls on collecting surfaces, 
usually roofs and gutters. The water washed into them will be 
only as clean as the rain itself plus dust and debris which has 
accumulated on the collecting surface and drains between showers. 
However, pathogenic organisms in falling rain can be ignored, and 
those on roofs and gutters are practically negligible. If the collect- 
ing surface is on the ground it is much more open to contamination. 
The secondary contamination of the water in the cistern, if it is 
underground, is the same as for springs and wells. 

All of the abov e sources can be further contaminated by the intro- 
tluction of dirty dippers, buckets and siphons used to draw the 
water. 

Prevention of contamination of these small unit water sources 
resolves itself into two main considerations: (1) the location of the 
supply in respect to sources of contamination; (2) the proper con- 
struction of artificial retaining wralls, covers, and water-drawing 
devices. 

If there is any alternative in the selection of a natural spring, 
one should be chosen which is awny from the direction of flow of the 
ground and surface water coming from nearby dwellings, out- 
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houbes, barns, animal ptns and priv'ics. It must be remembered, 
however, that such a sprinR if artificially deepened may invade a 
porous layer underlying the duelling and its corapoimd even though 
there may be a rise of ground l>ctwcen them. Unless the spring is on 
a higher level than tlie suntnimling property and has no other 
inhabited grounds on a hill al)ove it, positive assurance of a pure, 
uncontaminated supply cannot be had unless the spring is protected 
by artificial means. 

The spring and surface well, and the surface parts of deep wells 
and artesian wells, should l>c enclosed with masonry. Brick and 
mortar casing, pointed on the inside and tamped on the outside 
with clay or cement, should extend not less than 1| to 2 feet abo\'e 
the ground level and as deep below the surface ns may be practical 
without shutting off the springs. A solidly constructed pUtform 
or bill should surround the coping of the well nnd extend from it 
for a distance of 3 or 4 feet. The surface of the sill should be water- 
proofed by cement or c(oscl.\ caulkeil boards; it should be tightly 
joined to the coping. Tlie discharge pipe from the pump or over- 
flow from the spring should externl beyond tlie outer limits of the 
sill and he directed in such a way os to carry the waste water toward 
some natural or artificial ditch, drain or other wnter-isay. The 
need for a cover over a spring or well must be left to the particular 
drcumstances in the case. 

Larger communities frequently resort to a common source of water 
from a river, lake, pond or reservoir. The larger the community 
and the greater the demand for a constant supply of water the more 
commonly will combinations of natural and artificially impounded 
water be required. It can be taken for granted that natural bodies 
of water in the immediate vicinity of large communities is con- 
taminated. Streams and rivers arc supplied by water coming from 
their tributaries and flowing off of their banks from the neighboring 
hills and valley lands. Many of these areas are inhabited by humans 
or occupied by live stock and other animals, and are common 
sources of contamination. 

Whether tiie water supply is drawn from the river and used 
directly or is impounded temporarily in reservoirs it is likclj to be 
contaminated. Contamination in the reservoir can be reduced if 
the w atcT is whowed to statwl for thteo or loore 'Kteks hteanse stawd- 
ing favors sedimentation and the time element allows the natural 
destruction and death of pathogenic organisms. 

Lakes and ponds are equally liable to contamination but they 
may be safer than a stream or liwr because they act as natural 
reservoirs. However, if c(»ntamination is high they cannot readily 
sterilize themselves and are then dangerous w'ater sources. Large 
lakes are ijjso facto safer because of the higher dilution of con- 
taminating materials which enter along the shore lines. Currents 
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in large lakes may be the determinating factors in the location of 
sew age outflows and w’ater intake pipes. 

Artificial reser^'oirs fed from cat(^iiienC areas can only be free 
of contamination if the surface of the areas is uncontaminated. 
Otherwise they are as potentially dangerous as natural lakes. 

Where authority exists to enforce them laws should be enacted 
to present contamination of public water sources. The communitj’ 
may own and patrol the water sheds of its source streams and 
catchment areas, and regulate the use of the lands adjoining reser- 
voirs. Individual ordinances to fit particular cases are usually 
necessary. 

The engineering problems involved in the construction of dams 
and reservoirs and the specifications for materials, equipment, and 
machinery used to pump and distribute the water are beyond the 
scope of this book. 

On the assumption that all public water sources are probablj' 
contaminated every community should subject its water supply 
to some form of purification before it is used. For the purpose of 
determining the effecti^•eness of any s.iistem of purification a bac- 
terial examination of the water can be made before and after 
treatment. This consists of the bacterial count of the total number 
of organisms per cubic centimeter of water after twenty-four hours’ 
growth on standard agar plates at 37® C., or the determination of 
the presence of bacteria of the Escherichia coli group alone. In 
the United States, the official government standard established in 
1025, refers to the percentage contamination with E. coli of standard 
volumes of water. The water after purification must meet this 
standard to be certified as fit for human consumption. The fol- 
lowing are the specifications for the standard purity of water (as to 
bacterial content) in public water supplies in this country: 

“1. Of all the standard (10 cc.) portions examined in accordance 
with the procedure specified, not more than 10 percent shall show’ 
the presence of organisms of the E. coU group. 

“2. Occasionally three or more of the five equal (10 cc.) portions 
constituting a single standard sample may show the presence of 
E. coli. This shall not be allowable if it occurs in more than 

(n) 5 per cent of the standard samples when 20 or more 
samples have been examined. 

(6) One standard sample when less than 20 samples have 
been examined. 

Note: It is to be understood that in the examination of any water 
supply the series of samples must conform to both the above re- 
quirements, (1) and (2). 

“The standard portion of water for this test shall be 10 cc. 

“The standard sample for this test shall consist of 5 standard 
portions of 10 cc. each.” 
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The bacterial content of water in bulk can be reduced by storage, 
sedimentation, coagulation, filtration and diciiilcal treatment. 

Storage in reservoirs permits tlic suspended particles in tlie water 
to settle to the bottom and carrj’ bacteria with them. It also pro- 
vides the opportunity for protozoa to ingest bacteria. !Most of the 
pathogenic organisms cannot survive in stored water for more than 
a few weeks so storage should l>c continued for at least three weeks 
or a month. The prolongcil expjisure of a large surface of water to 
sunlight is also ilctriinentnl t«) bacteria nn<l many organisms are 
destroyed by the natural oxidation processes whicli take p!a<-e. 
Storage is one of the most economical processes for the reduction 
of gross contamination after the initial expenses of construction 
have been met. 

iSfrfuiiPafah'oii is resorteil to primarily for the purpose of reducing 
a heavy content of suspended particles but l)acteria are also reduced 
at the same time. Ilecause the time required for clearance of sedi- 
ment is much shorter than that necessary for effective reduction of 
the bacterial content, it .shoiih! not be relied upon for purification 
unlesis it is eoiubiued with the principles of storage. 

Ccxigvlalion depends on the addition of alum to water in siicli 
proportions that nil of the alum unites with the natural alkalies to 
form aluminum livdroxide, a heavy colloid which quickly settles 
and carries suspended matters with it. The bacteria in suspension 
are not deatrojed in the process but are mechanically removed from 
nil but the Imttom layers. For tliK rens«>n coagulation is used only 
as a preliminary to some further method of purification. 

Alum is added in the proportion of about 3 grains to 1 gallon of 
water. The actual amount in each case must be determined by the 
pll of the water in order that sufficient alum ina.v be added for the 
purpose in view and that them should not be more alum than can 
be combined with the alkalies. The time alloweil for the flocculant 
to precipitate ma\ be from a few hours to a few <laj s depending on 
the amount of sediment and the method of purification to be used 
later. 

Sulphate of lime and iron combinations arc also used to form a 
chemical precipitate of iron hjdroxide on the same principle as 
above. The exact amounts of ferrous sulphate and lime to be added 
must be carefully controlled by continued re-examination of the 
pII of the water. The ferrous sulphate is used in the amount of 
about 1 grain per gallon (17.1 parts per 1,000,000) and the lime to 
be added for tlie necessary chemicral reaction approximates 0.2 
grains per gallon (28.6 pounds per 1,000,000 gallons). 

Filtration of large amounts of stored water is accomplished by 
causing it to pass through layers of inert gravel and sand filters. 
The sand per se has no direct bacterial effect and is in that sense 
inert, but it is not to be dcdticed from this that the action of sand 
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filters is entirely mechanical. On the contrary the total action of a 
filter is a combination of mechanical interference with the passage 
of suspended particles tbrougli the interstices of the filter, tlie 
phenomenon of adsorption, and the biologic activities of the re- 
strained organisms as they aecnmulate in living masses with other 
organic and inorganic materials on and in the upper layers of the 
filter bed. The net result is the formation of a zoogleal mass 
representing living organisms and organic slime. In this groAvth 
most of the pathogenic bacteria succumb. 

Wiile all such filters depend on sand they vary in their porosity 
and depth. The rate of flow through them is determined therefore 
b\ these mechanical factors. A a/oic filler is one composed of a layer 
of sand, selected for its uniformity in size of grains, 3 to 4 feet thick 
and resting on an 18-incli layer of graded gravel. Beneath the 
gravel are open tile drains winch carry off the filtered effluent. 
The amount of water which can be filtered through such a system 
\\itli a vertical flow of 3.28 inches per hour is about 4,000,000 gal- 
lons per acre per day. Since it is the upper few inches which collect 
most of the foreign matter the hour required to pass through these 
3 inches is of great importance l>ecausc it permits time for the 
biologic processes to exert their greatest effect. 

For the technicalities of construction and operation of slow 
filters the reader is referred to stamlanl works on the engineering 
aspects of filtration systems. 

Rapid sand filters depend more largely on the mechanical removal 
of suspendcfl particles. This is possible because the ivater has first 
been subjected to sedimentation and coagulation before being 
brought to the filter beds. The coagulnm accumulates on the 
surface of a layer of relati\eJy coarse sand some 2 to 3 feet deep 
overlying 12 to 18 inches of graded gravel. The head pressure due 
to gravity is sometimes increased by adding some compression 
device. Rapid filters can pass 100,000, (X)0 to 175,000,000 gallons 
per acre per day. There is little time allowed for the development 
of a biologic zooglea on the sand but in its place there develops an 
artificial schmnizdecke made up of the alum or iron-lime coagulum re- 
sulting from the preliminary treatment in the sedimentation basins. 

Rapid sand filters are also called mechanical filters because some 
mechanism is installed which will rexerse the flow of water through 
the filter for the purpose of cleaning it. This is in contrast to the 
removal of a few inches of sand at a time from the surface of the slow 
filters as they lose head pressure from clogging of the pores. 

Sloxv sand filters under proper operation remove 98 to 99 per cent 
of suspended bacteria and rapid sand filters from 95 to 99 per cent. 
In both instances all pathogenic organisms and almost all E. coli 
are removed so that the filtered effluent should conform to the 
w ater purification standards in America. 



501 THE PEFEh’SE AGAINST INVADING OtiGANlSMS 


Additional safety in Oie Mater-Mipply to n community can l)e 
obtaincfl by chemical iretitmnit. Tlic clicJnical substances most 
coiiimoniy used n^tainst iKictcria arc ozone, cbloriiie, ammonia- 
chlorine, silver, jKitftssium pennauganatc, nml copper sulphate. 

Ozone nets ns an oxidizer on the organic materials in water and 
is an cfTective bactericide. The ozone, produced from air in an 
electric discharge ozonircr, is passed ripward tlirr*ugh a tower in 
whicli filtered water is entering slowly at the top and trickling 
ilov.'n to a reservoir at the bottom. Clear fiUcrcfl v.ater requires 
from I to 3 milligrams of ozone per liter of water for purification. 

Chlorinalion may be obtained by the use of chlorinated lime, 
liquid chlorine, chlorine gas, or chlorine in combination with am- 
monia. In each instance the baeterichlal effect is due to the action 
of nascent, unhy<lroly7e<l chlorine. C'hlorinated lime in water 
undergoes chemical reactions resulting in the formation of calcium 
hjTJocblorlte and hypochlorous acid along with other intermediate 
products. The Ijypocldoroiis acid is unstable and reacts with other 
hydrogen and chlorine Ions to form chlorine and water. Chlorine 
or chlorinated lime an<l ammonia in wdulion in water produce 
potently bactericidal chloramines. 

The amount of the various forms of chlorine to be used are 
usually expressed in terms of available chlorine. One part of 
chlorine per 1,000,000 parts of water is obtained from 20 pounds of 
chlorinated lime per 1,000,000 gallons of water. The average 
amounts used in terms of chlorine range from 1 to 4 parts per 1,000,- 
000. The variability <lepends on the amount of organic material 
in the water. Since some of the chlorine is used up in the o.xidation 
and bleaching of these organic substances there is less available for 
the destruction of bacteria, llic waters containing the most 
organic matters therefore require the larger amounts of chlorinating 
substances. 

One part of chlorine per 1,000,000 parts of water Is obtained by 
adding 8.3 pounds to 1,000,000 gallons of water. 

The ammonia-chlorine combination is most readily and economic- 
ally obtained by the use of Jiquid chlorine and ammonia. 

J/cta?/ic silcer appears to possess a catalytic action in water 
which is bactericidal in minute amounts. A thin silver coating is 
placed on grains of sand and the sand is then added to the water. 
The silver passes into the w'ater and exerts it.s Ijactericidal effect 
presumably by catalytic activity in conjunction with oxj-gen. 
The silver preparation is called "Katadyn.” It is only aeti\’e in 
clarified waters which contain no suspended impurities and it re- 
quires several hours for a complete s,tetilizing effect. 

Potassium permanganate is an oxidizing agent and its bactericidal 
power depends on this property. In the proportion of 0.5 parts per 
100,000 of water it reaches its maximum bactericidal effect in from 



PROTECTION BY PURIFICATION OF WATER SUPPLY 505 

four to six hours. It has been sho^vn that higher concentrations 
for longer periods of time are no more effective. For large scale 
use it is expensive and inferior to the chlorination methods but it 
finds its greatest usefulness as an emergency measure in the steriliza- 
tion of contaminated wells and pools. It may remove 98 per cent 
or more of bacteria when used in the above proportions but this 
cannot be relied upon because its effectiveness is greatly reduced by 
the presence of organic matter. 

Copper svlphafe in proportions of 0.1 to 0.25 parts per 1,000,000 
parts of water is destructive to aigte and other microorganisms in 
this dilution but does not destroy many of the important members 
of the intestinal group of bacteria. *It has qualities, however, 
which are useful in the preparation of esthetically potable waters 
but this is not pertinent to the present discussion. 

The administration and technical direction of these large-scale 
purification methods requires a highly trained personnel and suffi- 
cient authority to act as freely on its own accord as is compatable 
with the organization of the community it is set up to protect. 
But because the health of the community may be seriously jeopar- 
dized bj the failure for any reason of the system of water purifi- 
cation on which it relies, the controlling authority must operate 
under rigid standards of efficiency. A\Tien both of these necessities 
have been met the water authority will be flexible enough to meet 
all contingencies and yet maintain Us standards without the em- 
barrassment of time-consuming ineffectual interference from with- 
out. 

The central water supply system is therefore an e.xample of an 
efficient blanket protective measure. It does not aim to restrain 
or destroy specific living disease agents but is so constituted as to 
exclude all living pathogens which may l)e expected to enter the 
community from that source. 

In a community which has not the assurance of a safe water 
supply, either from a central water purification plant or individual 
sources which are above reproach, resort must be had to methods of 
purification after the water has been dra\s-n from its source. Such 
conditions exist in rural areas where sanitary methods are not 
known or not practiced, and in remote regions where no opportunity 
exists to safeguard the purity of the water source. Armies in camp 
or on the march are faced with similar circumstances. In small 
villages or towns economic factors may prohibit the expense of 
special provisions for a clean water supply. In still other areas 
local conditions and habits of the people may be such as to preclude 
any possibility of maintaining the purity of the water during its 
distribution to the consumer. 

In each instance the responsibility for providing uncontaminated 
water for consumption and culinary purposes must rest on tlie unit 
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which ii Roing to use it, whether it be n public or private institu- 
tion, an army unit, a camp, a household or an individual. 

Institutions such as factories, sanitaria, jails and hospitals in 
outlyinR districts should be safeRiiardnl by artesian wells or other 
irreproachable sourcc.s of their Rcneral water supply but tlicy should 
be prepared f{)r emerRcncie.s crcatwl by breakilown or contamination 
of the Reneral water supply. Tliis means that they should be pre- 
pared to use other sources on .short notice or to treat the ordinary 
source to render it safe. The latter ean iH’st be accomplished by 
cbemical disinfection or IxnlinR. 

^^’ate^ is effectively stcrilize<l by boiliiiR for fifteen nr twenty 
miurjtes. This inaj i)e act'ornpUsheil in institutions i>y tiie use of 
boilers of many gallons eapacitj’ or in the hou'chold in any satis- 
factory pot. 

Emergency chemical disinfection can be ol>tainc(I by the use of 
any of the chemicals tUscusvxl in the previous section. For im- 
mediate use ill small imtallations chlorinated Hme is the most 
practical. It con be made up in concentrated solution in the pro- 
portion of 1 teaspoonful of chlorinated lime to 1 pint of water. 
For use, 1 teaspoonful of this solution will l)c sufficient to disinfect 
10 gallons of water in fifteen to thirty miinites. TJic chlorinated 
lime must be fresh. 

Commercially prepared tablets of hypoclilorite, and chloramine 
may be added in accordance with instmetions. 

Oronizers are employc-d in some institutions which rely on an 
independent water supply. 

The sources of secondary contamination of an otherwise satis- 
factory water supply arc from defects in the distribution system, 
contamination during temporary storage, or tlie admission of 
infected organisms by unsanitary handling during the use of the 
water. 

Distributing pipes from the purification plant may develop 
faults, leaks and breaks by chemical erosion or the mechanical 
effects of explosions, digging openition3,eartbqimkes, floods, unskilled 
repair work and faulty connections between water supply pip?'’ 
and the sewage dii>pos.al system. A more serious contamination 
can occur with a hreak-ilowm or fault in the central supply plant. 

Tfie uftmiate efTect of any of these causes js to place the coni- 
immity in the same position as one which has no central protection 
and those depending on it must resort to individual methods of 
purification. 

Large institutions not infrequently' have tiieir own storage tanks 
and cisterns for economic or other reasons. If they are faultily 
located or badly constructe<l they may become contaminated by 
effluvia from septic tanks, toilet discharges and factory wastes. 

All of the above should have the protection of frequent and 
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efficient inspection. The community regulations should provide 
for control over the installation of all public systems and the in- 
spection and certification of plants in private institutions. 

In the home and in army and labor camps and in small social 
units such as villages, motor camps, and private institutions the 
water is commonly collected in storage tanks, cisterns, tank cars, 
water coolers, and various forms of makeshift containers. 

The frequent lack of foresight in the placement of these storage 
facilities in the neighborliood of privies, cesspools, camp disposal 
heaps and so forth, is a j)atent disregard of the very principles of 
water sanitation. Those responsible for them often have no under- 
standing of the precautions to be taken in storing water and Jess 
knowledge of the proper construction of the containers. That they 
must be water-tight is the only obvious specification with whicli 
they are acquainted. But beyond this they should be ^^ell coveretl 
to prevent infected materials from falling into them, they should be 
accessible to thorough and frequent cleaning, they should be pro- 
tected from back-splashing when water is being taken out by hand 
methods and where pipes are used all connections should be tight 
and faultless. 

Contamination of the purest water supply may occur at the 
time it is being used and vitiate the w hole effect of an e\pensive, 
efficient plant, or for t(ie individual householder, may make useless 
all of the care and intelligence he may ha\e put into the protection 
of his independent supply. 

Dirty fingers are the greatest single source of such contamina- 
tion. Food handlers, cooks, housewives, water-hojs, waiters, etc., 
who are unwittingly careless In their personal h.\ giene may inject 
dangerous organisms into a bucket or glass of water w ith a single 
dip of their fingers in it. More gross contamination can occur by 
repeated dippings with a common drinking cup or dipper into a 
bucket or the dropping of infective materials into it from a human 
or animal source. 

For these reasons common drinking cups should be interdicted in 
public places and all containers should be protected by effective 
covers to keep out contaminated particies. Drinking lountains 
of acceptable design should be the only sources of public drinking 
water. 

The community control of public food handlers will be con- 
sidered later. 

In the private household secondarj* contamination means unclean 
habits. Water standing around in all sorts of containers for the 
common use of all who will, in any way they may feel disposed, 
permits easy contamination from fingers, lips, saii\’a, discharges 
from open sores and even human excrement. These factors will be 
disciissetl under personal hygiene in another place. 



50S TUB DEFENSE AOAINST INVAPINO ORGANISAfS 

All measures taken to insure the maintenance of the purity of 
water after it has Ijcen remlcrcd safe at its source are general pre- 
ventive measures. Although they aim to reduce infection due to 
all forms of organisms they protect a relatively smaller r\umber of 
individuals than .the blanket comiiiiinity measures. They are 
therefore intra-community, ami are applied at those points in the 
spread of infective agents in the ciiviroimicnt at ahicli the organ- 
isms become vnlnerablc. If the efforts at prevention at this stage 
are complete their effectiveness so far as the individuals are con- 
cerncti is ns absolute as the measures taken to keep the organisms 
out of the community entirely. Viiforttinately the human element 
pla> s so great fl part that they cannot be relied upon to too great an 
extent. For this reason they should not supplant the hroader plan 
of central purification but should supplement it at all times and 
especially during emergencies. 

PROTECTION BY CONTROL OP THE MILK SUPPLY. 

Urban communities are generally dcpemlcnt for their milk supplj’ 
on sovirces outside of their political limits. In their own interests 
they are concerned with the quality of milk to be distributed to their 
members because of the rewgnition that a number of important 
pathogenic organisms are transmissible by milk. Unless the mllk- 
producing area around the community is under the control of n 
larger social unit such as a countj . parish, state, province or national 
organization the smaller community can assure itself of a pure milk 
supply only by .setting up rigid standards ol quality for all milk 
entering its borders. The same principle will also apply to larger 
social units which receive some of their milk from outside sources, 
because the jurisdiction of a political unit does not extend bejond 
its borders it can have nothing to say almut the purity of the source 
of the milk other than through indirect methods such ns economic 
and political pressure. These are so potent, however, that they can 
be extremely effective if wisely applied. 

Every community should estalilisli <lefinite standards for milk 
and enact such ordinances or laws as are necessary to enforce them. 
In the United States it is customary for organized community 
medical associations to establish standards tlirongJj a iVlcdical 
Milk Commission appointed from its members. This Commission 
then examines, or has examined, the milk from all sources and 
certifies it according to its standa^s. The Commission has not the 
authority of law but its judgments exert strong economic pressure 
on the milk dealers and may act as a basis for the formulation of 
controlling laws. 

As unreasonable as it may seem, all milk sold is ordinarily not 
required to come tip to a single standard of bacteriologic purity. 
In most areas raw milk Is allowed, but if it is to |je ccrtifie<I by the 
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^ledical Milk Commis&ion it must meet the Commission Certified 
Milk Standard. Certified milk may also be pasteurized, but this is 
optional. Grade A and Grade B milk are pasteurized milks dis- 
pensed under less exacting requirements than certified milk. 

The essential requirement of clean milk is that it must not contain 
pathogenic organisms and be relatively low in the content of all 
other forms of bacteria. 

The extent of bacterial contamination of milk is determined by 
plating measured amounts of milk on culture media in Petri dishes. 
After incubation the number of bacteria is estimated b}' various 
counting procedures and the number calculated per cubic centi- 
meter. A rough estimate can be made by determining the length of 
time the reductase in milk containing bacteria will take to render 
colorless a standard solution of methylene blue. The interpreta- 
tion of the test gi^’cs a rough index of the contamination and age of 
the milk. Good milk requires about five and one-half hours to 
decolorize methylene blue, fair milk from two and one-half to five 
hours, bad milk twenty minutes to two hours and very bad milk 
less than twenty minutes. This is a cons’cnlent test for crude 
sampling on farms and at collecting platforms. 

Certified milk is a raw milk produced and distributed under a 
contract between the dairy and the Commission. The contract 
specifies that the milk shall not contain more than 10,000 bacteria 
per cubic centimeter, must not be more than thirtj to thirty-six 
hours old at the time of delivery, that the milk and the dairy are 
open to periodic inspection and that the cow’s are certified by a 
veterinarian as being tuberculosis and abortus free ns determined 
by the tuberculin test and other examinations. It also requires 
that the milk shall be obtained under sanitary conditions in the 
dairy and shall be placed immediately in closed containers at a 
temperature not exceeding 45'* F. and that it be kept below this 
temperature until delivered. 

Grade A raw milk must meet the same bacteriologic requirements 
as Certified milk but the conditions under which it is produced are 
less exacting. 

All other milks adraitted to a oommanfty should he rendered 
harmless by pasteurization. The quality of the milk can be de- 
termined from time to time by the bacteriologic examination of 
random samples taken from distribution agencies. 

No admitted milks should contain any pathogenic organisms. 
Grade A pasteurized milk must not contain more than 200,000 
bacteria per cubic centimeter before pasteurization and not more 
than 10,000 per cubic centimeter after pasteurization at the time of 
deliver}’ to the consumer. 

Grade B milk is always a pasteurizetl product. It may have con- 
tained as many as 500,000 bacteria per cubic centimeter before 
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pasteuri/atioa but mu^t not show more than 25, 000 per cubic 
Centimeter wlien dcliverctl to the consumer. 

Certified milk may alsrfi lie pasteurjzcti and approved by the 
Medical Milk Commi'.sion as Certified l*asteuri/ed Milk. Tlila 
uill gi%'e the purest milk available and U a standard highly to be 
desired. 

Tinned condensed and evaporated milks and milk powders are 
rarely any problem for the sanitary control bodies of a coinmunity 
because they are well sterilize*! by the pn)ccsscs under which they 
have been prepared. Condcnscfl milk may not be entirely sterile 
if it was made from an nncicnn milk IxxatJsc its thickness may 
prevent the penetration of licat to all parts. 

D.iiry products such as cream, Irnttcr, soured milks, ice-cream 
and cheese arc likely to be only as free of organisms as the raw milk 
from which they were made. For this reason only pasteurized milk 
should he used in their manufacture. 

Milk produced and distributed within a community is readily 
brought under legal control in every respect. 

In the first place the ct)w or goat source should be registered 
and examinetl by ([ualified veterinarians and only sound animals 
be permitted to produce milk for human consumption. The two 
most important diseases of sanitary importance to which these 
animals are subject arc tuberculosis and contagious abortion. 

Only cows showing ncg.ative tuberculin tests should be permitted 
to produce market milks. All reactors should be disposed of hy 
killing or by isolation under the Bang system. The latter woxdd 
permit the separation of reactors from the tuberculosis-free herd 
for the pajrpose of calving but the calves must not nurse from the 
infected mother. They may, however, drink their mother’s milk 
after pasteurization. The tuberculin test on cattle should be 
repeated at not less tlian yearly intervals. 

All cows or goats which simw clinical evidence of contagious 
abortion or reveal infection with Brucella abortus or B. melitensis 
should be destroyed. 

The milk ducts, teats and udders of cow's always contain s-ome 
bacteria among which may be such pathogenic organisms as strepto- 
cocci (hemolytic and epideinicus varieties), diplitlieria bacilli, 
organisms o! tlie tlyscntcrj' group, foot-anii-mtnith tU'^ease virus and 
typhoid bacilli. Although it is impossible to sterilize the teats and 
udder the bacterial contamination can be markedly reduced by 
thorough washing with dean water and the use of hypochlorite 
solution. If all other precautions are ecjually carried out a fresh 
raw milk can he obtained directly from the cow with a bacterial 
count of less than 10,000 per cubic centimeter. 

Tlic unattended cow must be considered as a filthy animal. 
Its hind parts and belly arc alway’s dirtied with manure. To render 
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it as cJeaniy as possible it mwst be thoroughly Ijosed doivn, curried 
and scrubbed. 

The sanitation of the milking stalls is not difficult to attain if the 
flooring is of cement witli adequate free-flowing drains behind the 
cows and tliere is a good supply of running ^%•ate^. A thorough 
wash-out of the milking barn should be done before and after each 
change of cows. No attempt should be made to wash out droppings 
during the milking process because of splashing. 

The milkers must approach their task with clean hands and 
clothes. The hands should be w’ashed immediately before each 
milking, dipped in a W’eak disinfecting solution, rinsed, and dried 
on clean towels. The clothing should be white, laundered clean 
and tightly fitting. The head should he covered with a cap. 

An experienced milker who handles uo other part of the cow than 
the teats, and those as little ,as possible, and who does not rest his 
head against the cow's flank during milking, if working under such 
favorable conditions as outlined should draw off a high grade of 
dean milk which needs only to be kept that way for marketing. 

At this stage, however, there comes an opportunity for contamina- 
tion of an otherwise satisfactory milk— the milk pail. There is 
probably no more dangerous article in the milking trade than tlie 
old-fashioned agate pail which looks clean after a good rinsing but 
probablj harbors millions of o^anisms in the old milk left in its 
cracks and cresices or which Is waiting to receive all kinds of debris 
falling into its wide mouth. All such pails should be interdicted! 

The modern pail is ra.ide of rustless, non-corrosi\’e, non-absorb- 
ent material. Its top is almost entirely covered except for a small 
opening in its center or to%vard the rim on one side and which 
can be placed directly beneatli the teat. This reduces to a practical 
minimum the amount of dust, hair, manure, etc., which can fall 
into it. The pail can be readily sterilized by steam, or better, by 
hypochlorite disinfection. A solution is made by adding 12 ounces 
of sodium hj-pochlorite paste to 1 gallon of water. A tablespoonful 
of this solution to 1 gallon of water will give a disinfectant wash 
containing not less than 60 parts per 1,000,000 of available chlorine. 

The milk collected from separate paik should alwa^s's he strained 
through sterile gauze or itoti-comsh'c fine mesh strainers into 
collecting vessels. The sediment on the strainers should be burned. 
A separating centrifuge may be used in place of filters but it must 
be remembered that it only removes visible dirt. 

^\Tiether the milk from separate milkings is to be sterilized at this 
point, or is to be collected and shipped in bulk for sterilization at a 
central plant, it must be cooled immediately. It is to be borne in 
mind that fresh milk is warm and alwaj's contains some bacteria. 
Immediate cooling prevents the further multiplication of organisms 
in this naturally favorable medium. Cooling to 45® F. (7° C.) or 
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less may be obtained by placing it in containers immersed in ke 
water or passiiiR it over cooUng coils or cones. 

Jlilk produced and collcctccl in this manner from healthy cows 
by liealthy milkers aiul inaintaiiuyl at this low temperature until 
delivered to the consumer should satisfy the standards of Grade A 
raw milk. If all other conditions of a contract with a Alcdleal 
hlilk rommUsuin have been satisfic'd It should be certifiable. 

Tlterc is always a possibility tJiat milk may be contaminated by 
humans durinp the milking process and its after-handling. Carriers 
of virulent streptococci and diphtheria organisms may contaminate 
milk \)y droplet infection. Where gross carelessness exists fecal 
contamination of the fingers may carry dysentery and typhoid 
organisms and amebic cysts into the milk. For these reasons, 
commercial milk producers should Ik; liable to examination for the 
presence of active disease such as tiibercnlosis, and tests to determine 
whether they arc carriers of any organisms which can gain entrance 
through milk. They should not be certificated unless they can be 
rendered non-infoctivc. 

The average run of dairies suppixing a community does not jet 
guarantee that the conditions of production and distribution will 
assure a safe milk supply to the consumers. Except under the most 
favorable circumstances all bulk milk roust be held suspect. This 
means that it must be stcrilizexl. The method of choice is by 
pasteurisation. This consists in raising the temperature to a 
certain point for such length of time that the critical temperature 
of all pathogenic organisms will be exceeded. 

The most efilcient and xvidely usecl pasteurisation process is to 
raise the temperature of the milk to 145® F. (C5® C.) and to hold it 
at that point for not less than thirty minutes. This is known as the 
Holding method. It can only be done effectively in commercial 
sterilizew, all home contraptions being liable to serious failures and 
a false sense of security. IVIost pasteurizers are fitted with thermo- 
static controls and automatic circulating devices so that all of tiie 
milk is kept at the same temperature all of the time. It is essentially 
a closed process so that no new milk is being added or withdrawal 
during the sterilization of a single filling. Air heating Is also pro- 
vided to keep the air above the milk at the same temperature as the 
milk. This prevents the formation of a scum wliich may protect 
organisms such as the tubercle bacillus from the full effect of the 
heat. 

Like all automatic devices the pasteurizer must be skillfully 
operated and tended with the greatest of care. It must be 
thoroughly cleaned and sterilized between operations. 

In contrast to the holding method, milk may be rapidly heated 
to 15S® or 100® P. (71® C.) for fifteen seconds or more and then 
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imediatelj' chilled. Tliis is the Flask viethod of pasteurization, 
does not surpass the critical temperature of all pathogens and is 
erefore unreliable and is to be employed onl^' on milks of knowTi 
icterial content where there is positive a^urance that no kno\\*n 
ithogenic bacteria e-rist. This has been shonTi to be practicall\’ 
ipossible to guarantee. 

Special devices have been developed by whicli milk can be 
tsteurized after it has been put in bottles. It is accomplished by 
bjecting the bottles of milk to a spray of hot water or a water- 
ith. It is an ideal method if properly carried out. 

After the milk has been held at the desired temperature for a 
!cessaiy length of time it is chilled immediately to 45® F. (7® C.^ 
id is ready for bottling. Secondary contamination can occur at 
is time by faulty technics in the operation of the sterilizer, espe- 
ally by failure to clean the effluent pipes and cocks, and inefficient 
)ttle capping machinery or by human contamination. It is obvious 
lat the bottles and caps must be sterile and the caps tightly fitting, 
he operation of the fe^ pipes and rotation of the bottles should he 
me as far as possible without the tise of human hands. Operators 
' the entire system must keep themselves scrupulously clean. 

The entire machinery of commercialized production and dis- 
ibution of milk must be under the supervision of community 
:perts and inspectors. Some idea has been given of the many 
Dssibilities for slip-up in the whole process and it is clear that 
idiscovered leaks in the chain may result in serious consequences 
> the community, the more so because of the trust placed in the 
fectiveness of a well organized and protected milk supply. 

The small comraunit> unit and the individual are not free from 
le dangers of contaminated milk just because it has been delivered 
I a safe condition. At any time after the original container has been 
pened and the milk subjectetl to the air and warmer temperatures 
rganisms within it can begin to multiply, or it can be re-contamin- 
ted. This may occur idthaiU ike vtilk gidng any -physical evidence 
lat it is unsafe. There is only one rule which is adequate to insure 
continued safety of open milk. It should be kept at ice-l>o.v 
:mpetature and storetl only in well cleaned^ scalded contairiecs- 
torage in the original bottles is always best. 

The control of the milk supply involves comjnunity blanket 
leasures and intra-community general measures. A few specific 
leasures are also employed such as the tuberculin testing of herds 
nd the Bang and Jlastitis tests. For the greater part, however, 
he whole process after the elimination of these specific possibilities 
} directed against the whole group of milk-borne pathogens. It 
ses methods that require broad legislative pouers and authority 
0 enforce them, the exercise of economic and moral pressure, and 
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tlie education of tVie individual in his owi ro-iponsihility toA\anl 
himself and others. Tlic practicinfi physician can be an important 
instrument in obtaining the desired end by supporting legislation, 
the recognition of ilungcrous carriers, and the instruction of his 
o^n clientele In matters of hj’gienic use of milk and milk products. 

PROTECTION BY MEASURES AGAINST SOIL AND WATER 
CONTAMINATION. 

The soil and water contaminants of greatest sanitary iinportaiice 
arc human and animal excreta. Infected wastes from factories 
which utilize animal tissues ina> make their way back to the soil 
and the carcasses of animals d\ ing under natural conditions may 
infect fields and pastures. Hie sum total of human wastage in the 
form of garbage an<l sewage is a potential source of containiiiation. 

Since it is by sucli processes as tliesc that the life cycles of many 
living agents of disease are made possible it becomes imperative to 
operate against them at those points which are at the same time the 
most practical, economic and effective. 

Although there ace aspects of the problem which involve inter- 
community interests it is largely a matter of .self defense within the 
community . The hazard which one community presents to another, 
or wliich one social unit holds towards a lesi>er unit contained within 
it, results mostly from secondary proces'<?s. Tims, contamination 
of the water supply of one area may result from infected regions iu 
another and infected grazing lands may act as outside sources of 
contamination of animals and nnioial products to be used In another 
community. 

The ultimate problem in the prevention of soil and water con- 
tamination must rest on the recognition of the earliest stages in the 
processes of transmission of parasitic agents wJiere they can he 
effectively intercepted. Ideally' this would mean tlie annihilation 
of all infecting organisms in the community. Practically, it means 
the admission that infected host.'* exist and the earliest attempt to 
Vjlock their further transmission must take place at the time of, or as 
soon after their release from the host as possible. 

The metliods to be applied under the pre.sent category' will 
recognize that only two fundamental sources of soil and wafer 
contamination exist— (1) Human parasite hosts, (2) animal hosts. 
All others are secondarily infected sources farther along the line of 
transmission of disease agents in their passage from host to host. 

From Human Sources. — A large proportion of the disease 
agents found in soil and water are at some time inhabitants of the 
intestinal canal of man or find egress through it. As a result the 
earliest attempt to intercept them ^vtndd be at the time of their 
discharge. This, in practice, means their destruction immediately 
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after tJiey have been ejected, or their depobit in sucli places and 
under such conditions as will render them impossible of further 
spread. 

In general, human feces is discliarged under three conditions, (1) 
directly onto the soil or into water courses, (2) into independent 
artificially constructed receptacles, (3) into relati\ ely closed col- 
lecting and discharge systems. 

Tlie first is the primitive practice of random defecation at any 
convenient place in fields, woods, streams and any relatively unfre- 
quented locations. Sjjch practices are common among native 
populations and in civilized communities where artificial con- 
veniences do not exist or there is little time and opportunity to 
use them. Children are especially prone to relieve themselves 
wherever they find sufficient seclusion, 'fhe ignorant and the insane 
are notorious ofi’enders. 

Even among those who should know better there is a feeling that 
it makes no difference in out of the way places. This is especially 
likely to occur aroun<I camps, along highways, and on the banks of 
streams. 

In the Far East, especially in China, human night-soil has an 
economic value as a fertilizer and is accumulated in open places 
until needed. Even where it is not used in this way villagers in 
native communities establish the custom of defecating in more or 
less selected spots about the village. This, to a lesser extent, exists 
in the rural areas of Western countries. All such practices result in 
a high concentration of the infectii'c agents in the discharges at 
definite locations which are frequently visited by many people. 
As a result they are pest spots for all who use them. The specific 
areas are usually chosen because of some existing natural shelter 
of trees or overhanging bushes or of some man-made structure which 
gives relative seclusion and protection. These factors keep out the 
sunlight and prevent rapid desiccation which is to be desired for the 
destruction of oi^anisms. 

The onl.\ effectual method for combating contamination of the 
soil and water in this way is by education of the indivlriiiaj. Even 
so, this primary conception of sanitation will be violated, and it can 
only be hoped that anyone who indulges in such a practice out of 
necessity w’ill have the common decency to relieve himself at some 
place where there is the least ]ikelihoo<l of others coming into contact 
w'ith the ground he has contaminated, or where there is no possi- 
bility of contamination of surfaces owr which rain water can flow 
and carry his ejected organisans into another’s water-supply. 

There is no value other than esthetic in co\ering the discharge 
with leaves or a thin layer of dirt. In fact, this precaution only adds 
to the protection from sunlight and drying and is not sufficient to 
reduce the oxj’gen to any effectual degree. • 
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Weak antiseptics are inefTcctiwI on loose feces and strong solti- 
tions arc of use only if they ate mixed tliorouglily with it and 
allowed to stand for some time. Chloride of lime thronn over feces 
may eventually be cfTcctivc if it is not washed away too quickly 
by rain. 

Human excreta permitted to accumulate in the open is eventually 
disintegrated by weathering and the action of worms, fly-larva, 
grubs and bacterial activity. Any orgatiisms which are able to 
persist through these conditions may remain in the soil of the 
immediate neighborhood for conMdcrabIc periods depending on 
whether they can form resisting stages. If so, the water of repeated 
rains, urine and waste water thrown on the ground can wash them 
away and disseminate them o\cr wide areas or carry them into 
wells, springs, ponds, streams and other water sources. The con- 
tinued promiscuous practice of ricfecatiug in the open in and around 
villages, in the yards of homes, on stream banks and in cultivated 
fields will eventually result In a heavy concentration of all organisms 
able to survive. In this way centers of .spread arc developed for 
many of the intestinal hvinunths and protoj’oa and such pathogenic 
organisms as the bacteria of dysentery, typhoid fever and cholera. 

Community practices such as the uve of night soil for fertiliza- 
tion of fields and the construction of squatting places oveflianglug 
streams, ditches and lakes arc pernicious propagators of organisms 
like the flukes which live in water and find there their necessary 
intermediate liosts. 

There can be no satisfactory solution to the problem of open 
defecation other than to forbid it. This may be accomplished by 
nuisance ordinances and penalties for their violation. The intelli- 
gent solution is the in'itallatioii of sanitary priv ies along with genera! 
education. When niglit soil possesses economic value it may be 
collected under sanitary' conditions and so treated as to render it 
harmless without loss of its fertilizing value. 

Under certain conditions human urine which contains organisms 
able to survive in soil or water can act ns n source of contamination. 
Tliis is found most commonly in ditches, army trenches, and mines 
where the urine accumulates with little opportunity for dilution. 
Under such conditions where there is some po'wibility of control, 
urinals siioulcl be provided and penalties inflicted for violation of 
notices forbidding the practice of open urination. ^Vherever 
practical the ground should be drained and chloride of lime spread 
over all contaminated areas. 

Tile second set of conditions under which liuman feces Is evacuated 
is represented most ty'pically by the familiar country' privy. Here 
the discharge is collectcil in independent receptacles and disposed 
of at the same time; it is neither expose?! to the open as in the pr^ 
cedirtg section nor carried away and disposed of at a distance as m 
the closed disposal systems to be discussed, 
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The t\ 7 )e of materials out of wliicli it is to be constructed and other 
specifications will depend to a degree on the temperament and 
habits of the people it will serve. Natives unaccustomed to the 
practices of the Occident will not use modern conveniences properly 
and frequently do so in such a way as to make them more harmful 
than if they had none at all. In rural districts and small towns 
without public systems they may be equally misused and ill-kept 
and can act as potent centers for dissemination of pathogenic 
organisms. 

Without attempting to enter into any detailed discussion of the 
ty'pes and specifications for sanitar.^• privies the following require- 
ments can be set down as common to all simple pit-privies. 

1. The pit, trench, or bored hole in the ground should be deep 
enough so that a considerable quantity of material can accumulate 
over a relatively long period of time before it is filled. When full it 
should be completely filled with earth and abandoned for a new site. 

2. The platform supporting the superstructure should extend 
several feet beyond the edges of the pit. It should be of unter- 
impervious material and close<I tightly around its edges where it 
rests upon the ground. 

3. The closet seat should be of a type which can be readily 
cleaned. It should have a lid which automatically closes tightly 
when not in use. 

4. The seat hole should be of sufficient size and such shape as 
not to permit contact with the e.\*tcrnal genitalia. 

5. The junction of the closet and platform should be tight enough 
to prevent the entrance of rats, squirrels and cockroaches and the 
activities of pigs and chickens. 

6. There should be a splash-board across the inner surface of the 
front of the closet which extends vertically from the lower level of 
the seat to a few inches below the level of the platform. 

7. Tile privy itself should be weather- and vermin-proof and fly- 
proofed above. 

8. The use of a ventilator will depend on the type of privy used. 
It is ordinarily advised to hasten evaporation. 

0. Cement or brick and mortar constrocfion are advisable for the 
platform and lining of the pit when this is necessary. The super- 
structure can be of >\ood. Cylindrical metal risers from platform 
to seat are used in some instances. 

10. The privy’ should be conveniently located but consideration 
must be given to the distance from wells, springs and other water 
sources. The pit or hole should not pass through any porous layer 
of earth which is suspected of being a water course for a spring or a 
well. An unlined pit should not extend below the ground-water 
level. 

The simplest indoor privy is the ordinary can type in which the 
seat is fitted closely to a suitably constructed metal receptacle. 
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The ejecta h covered with a thin la\er of charcoal, dirt, ashes or 
sawdust after each time tlic privy is us«i. It sliould he emptied 
into a pit or otlierwise safely disposwi of daily. 

Tlie closet may rest above a larRc tank built beneath the flooring 
of the house in which there is a strong caustic cliemical into uhich 
the excreta falls. The caustic disintegrates awl li(|uifles the feces. 
The contents of the tank are drawn off at intervals of a few months 
and hauled away. 

When running water is available the privy may he of the water- 
closet type with a flush valve and a discharge pipe which carries 
the contents of the toilet Into some form of sewage disposal tank 
or sub-soil filter. 

The simplest form of intUvidual disposer is the cesspool. The 
material from the closet is flushed through pipes into a brick or 
concrete well-Ukc structure situatwl Iwneath the ground at some 
convenient place at a distance from the house. It is narrow at the 
top and wide at the bottom. The bottom is left unllned ami the 
top is covered with a tightly fitted lid. The inflow pipe enters the 
cesspool n little below the ground level. The effluent pipe goes out 
at the same level but its inner end turns downwanl so that it is 
below the water level and empties by siphonage. Tlie effluent pipe 
passes outward from the cesspool and remaining imdergrounil 
extends on a dowm grade of 1 Inch in 50 feet. Side-branch dis- 
tributing pipes extend laterally from it. The numlicr and length 
of the side branches should be sufficient to equal a total length of 
40 feet for each person in tlie household. These pipes are jointerl 
every few feet and the joints left open J inch so that the effluvia can 
seep through into the porous earth. Tlie tank must be emptied 
through the manhole when the solid materials have accumulated 
to a point where they will interfere with the siphon. 

A septic tank is a concrete or cement tank into which material 
from the closet is flushed at intervals and allowed to undergo 
spontaneous liquification. The septic tank is usually rectangular 
and built in two compartments. The first, or settling chamber 
receives the inflow near the top at one end and discharges through a 
pipe directly opposite it which passes through a partition separating 
the settling chamber from the second, or siphon chamber. A baffle 
board extends entirely across the upper part of the settling cliamber 
and a few inches away from the mouth of the inlet pipe. Tiie board 
sticks out about 5 inches above the fluid lewl and its lower edge 
is immersed to 10 inches below the water line. The outlet pipe is 
T-shaped, its cross arm being about 10 inches below’ the water line 
and reaching 5 or 0 inches into the air space above the water to 
act as a vent. The stem of the T is the part which goes into the 
siphon chamber. An automatic siphon draws the fluid out of the 
Rproiid rhamher and discharees it into a series of open-joint pipes 



Small community units maj’ combine the sewage pipes from 
several households into a single collecting system for treatment in 
a common septic tank but caution must be taken that the tank 
capacity is not exceedetl. 

Towns and municipalities with public water supplies are in the 
position to establish a system of disposal which is entirelj closed 
so far as any individual household or other institution is concerned; 
that is, the individual unit is not responsible for the ultimate dis- 
posal of any of its \\-astes. This is accomplished by connecting 
disposal pipes along which the refuse is forced by gravity or 
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positive water ])ressurc sxipplied by a pumping system. Surface 
tlrainage anti rain*water may be collected in the same system as tlie 
sewage giving n conibincd sewerage system (sanitary sewer pipes). 
Water traps and ventilators in connectinn witli tlie closets are 
essential to prevent back-flow and tlie entrance of no'^ious gases 
from the sewers. The prerequisites for the installation of water- 
closets, and the plumbing in connection with them, as well as the 
responsibility for their upkeep should be defined in the sanitary cotie 
of the community. 

There are many methods by which the .sewage may be finally 
disposed of and each community must determine which is the most 
practical and effective accowling to the existing natural conditions 
and economic resources. 

The fundamental aim of disposal is to remove harmful and 
obnoxious excreta from the community in such a W’ay that it is no 
longer dangerous to health or an affront to the esthetics of the 
community where it originates or to any other. 

Many municipalities are located on or near large bodies of water 
into which the .sew’age can i>e ilischargcd in such a way that the factor 
of dilution will alone subject the material to natural purification; 
oxidation will very rapidly make it inoffensive; bacferial activity 
breaks up and rwliices coarse particles; protozoa and fish will 
consume some of the material; beaxy particles will settle out by 
sedimentation. 

The sewer pipes must bo carried out into the water in a direction 
and to a distance to be determined by the direction of water cur- 
rents and surface winds anti the nearness to water-supply intakes, 
other habitations down stream, the presence of oyster beds in the 
vicinity, and the lake or river traffic, i.e., the possibility of exposure 
of tJiose who use the surface in small lx>ats or for swimming and 
bathing. 

It is estimated that other things being equal a body of water will 
be .able to purify about 1 per cent of its volume in sexvage. 

When natural conditions do not exist by which satisfactory 
disposal can be obtained by dilution the sewage must be treated by 
methods similar to those etnploj'ed in individual or household 
units but on a large scale. This involves complicated engineering 
problems in hj-dro-dynaraics of a non-homogeneous liquid suspension 
which may approximate a fluid volume of many million gallons per 
day. Furthermore, tlie discharge of this medium must be inter- 
rupted for a sufficient length of time to permit it to be treated 
chemically or to allow natural phj’sical and chemical changes and 
biologic activities to operate on it and render it harmless. After 
these processes have taken place the cleaned fluid must then be 
moved on to its ultimate point of disposal. All of these together 
necessitate the construction of some form of receiving basins or 
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tanks in which the sewage is slowed down or actualh' stopped for 
variable periods of time. 

The simplest large scale treatment is to have the sewage enter 
into artificial reservoirs across which the sewage flows from inlet 
to outlet at a rate of 2 to 2| feet per minute. This permits the 
heavier particles to settle out and the relatively clear surface water 
to flow out through the effluent. There are usually se\’eral of these 
sedimentation or settling tanks in the system so that they can be 
emptied in rotation and the sediment removed. The sediment, 
or sludge, is disposed of by incineration or is hauled away and used 
as filling material in low ground. 

The municipal septic tank is a modification of the settling tank 
and operates on the same principle as the individual or household 
septic tank previously discussed (see page 519). There are many 
forms of septic tanks, for description of which the reader must be 
referred to more exhaustive treatises on this subject. The type in 
most common use at present is the Imhoff combined settling and 
digestion tank. In brief, this tank consists of an upper portion into 
which the fresh sewage is received and the suspended materials 
settled out. Instead of falling to a solid bottom, the bottom is 
slotted by overlapping baffles which permit the sediment to slide 
through slowly into the lower compartment and at the same time 
prevent the escape of gases through them from below. The sludge 
which falls through the slots now forms on the floor of the lower 
compartment or digestion chamber where it undergoes the de- 
composition and llquefication processes common to all septic tanks. 
Unliquified sludge must be removed from time to time. 

An auxiliarj- process is resorted to in some plants which increases 
the decomposition of sludge by substituting aerobic for anaerobic 
decomposition. This is accomplished by forcing air through the 
sludge or by keeping the sludge stirred up by mechanical means. 
This is known as activated sludge. It produces an inoffensu’e 
sludge which is harmless and retains its value as a fertilizer. 

In all of these disposal systems except that in which simple 
dilution is effective, either the liquid effluvia or the sludge, or both, 
must bo iwTtbcT dealt with. In many tbe fluid outflmv is clean 
enough to be emptied into nearby water courses or lakes or dis- 
tributed into absorbent, porous soils by surface or subsurface drains. 

When the effluent still contains much incompletely decomposed 
materials it demands further treatment. This is carried out most 
commonly by some form of filtration with or without artificial 
oxidation. Simple filtration through coarse sand and gravel filters 
with subsoil open-tile drains is applicable in small plants. They 
require repeat^ cleaning of the upper layers of sand. 

Broken stone contact beds operate by allowing the sew’age to 
filter slowly through the layer of broken stones and as it does so to 
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form an organic scum of iMctcrIa ami other matters on tlie surface 
of the stones. ^Yllon sunicieiit sesvape has been admitted for one 
“dose” the inflow is stopped and sedimentation permitted to take 
place. After one hour the outflow is opened and the tank is emptied 
from below. This is followed by a rest period of some six or more 
hours during which time the zooglea oxidizes under aerobic condi- 
tions. A new .supply of sewage is then admitted and the cjcle 
repeated. The stone bed must be cleanetl at regular intervals nhen 
tlie scum becomes ton great and anaerobic decomposition begins 
to occur. 

Oxidation may be improved in contact bed treatment by spraying 
the sewage over the filter IksI instead of letting it flow over it. 
Because the inflow is no more rapid than the outflow through sub- 
surface drains the tank ia at no time full of liquid. As a result 
oxidation goes on continuously both at tJie time the sewage is broken 
up into spray and as it is trickling down through the broken stone. 
Coke and limcstftne may be used in place of the ordinary broken 
stone. In this type also the zooglea increases after some time to a 
point uhere the filter must be re^ted and cleaned. 

The effluent may be further purified by chlorination before it is 
allowed to enter borae natural l*ody of water. It is becoming 
customary in places to chlorinate the sewage at the inflow’ into the 
tank just hefore it reaches tlie sprayers. 

Tile sludge which acaimulates in all of these sy&tems maj' be 
further reduced by oxidation and digestion. The former is ac- 
complished by reducing the water content by further filtration or 
spreading it on drying be<ls of sand. Digestion is done in special 
digestion tanks in which the sludge is kept at a temperature of 78® 
to 84® F. and anaerobic activity is perinitteii. Such digested sludge 
has no further value as a fertilizer. 

The concentratetl sludge from an activate<l sludge system b 
available as fertilizer but all others are usually burned in inciner- 
ators, use(! in public dumps, or towed to sea and dumped. 

Other human tlischarges beside feces and urine can get into the 
soil and water. They may be tlie discharges from open surface 
sores or infected mucous membranes {conjunctiva, tirethra, vagina), 
or they may be materials containing the ova or larvje of worms whicJi 
find egress through the skin or mucous membranes. Such materials 
are more likely to contaminate small areas of ground or bodies of 
water. Public swimming pools and bathing places are relatively 
easily polluted in this way and Toasstve contamination by similar 
means is common in the Ganges River in India. 

Contamination can lie prevented by rigi«l adherence to regula- 
tions controlling the admission of bathers to public places and 
sanitary rules to be applied to the owners or operators of the pools 
and beaches. 
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In the first place no one should be admitterl to a public bathing 
place who has any visible skin lesions on any part of the body. 
Physical inspection cannot be expected to be highh' satisfactory 
except under conditions of rigid social control. On the other hand 
education and the use of warning signs may accomplish much. 

All bathers should be requirerl to pass through a soap and water 
shower before entering the pool. In many modem public institu- 
tions the entrance is constructed in such a way that the bathers, 
in order to get to the pool must pass through a continual shouer 
and u alk along a trench containing a foot bath of flowing clean water 
or water with some addetl disinfectant. Special straddle showers 
have been installed in places to insure cleansing of the perinfeal 
region. 

Bathers should only be permittctl to use swimming suits provi<led 
by the management. All costumes, towels, mats and such accessories 
must be sterilized by some accredited method after each time that 
they are used. 

Proprietors and managers of public and private bathing places 
should be held to rigid adherence to ordinances and regulations 
designed to meet strict sanitary standards of equipment, cleanliness 
and purity of the water, sterilization methods, general sanitation 
of the premises, and adequate approvetl toilet facilities. 

From Animal Sources.— It may be stated dogmatically that 
all soils and surface waters are contaminated by past or present 
animal life living on or in it. Most of the ubiquitous pathogenic 
staphylococci and the potentially harmful colon bacilli are harbored 
by animals. The anaerobic organisms are almost entirely dis- 
seminatetl in soil by animals, some exception being allowed for lack 
of explanation of the presence of tetanus spores in virgin soil. 

Wild animal life is a continuous source of soil and water con- 
tamination but it is seldom intense in any one place except in sucli 
areas where herds of animals congregate and in particular spots 
where secondary parasite hosts exist with a tenacity that keeps up 
the local infection rate of the larger animal hosts. 

Domestic animals are huslMinded under conditions which are 
especially favorable to concentrate<I soil pollution. This is true not 
only of the animal pens and yards but also of pastures and meadows 
where they are allowed to roam. 

Animal droppings are the main source of contamination but the 
types of organisms discharged on the soil in this way are largely 
limited to those living in or ejected through the intestinal canal. 
In addition to these there are many organisms which live within 
the tissues of animals which are retumetl to the soil when the animal 
dies and its carcass decomposes on the ground. A lesser degree of 
contamination results from infected urine and discharges from body 
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Again tlic particular organisms concerned must be known and 
correlated in ways particular to the community. Having established 
the probable dangers, ways and means can be found for their con- 
trol. A brief discussion toUows of the commonest efl'orts utilized 
in enlightened communities. 

Because they are instituted and carried out by public authority 
preventive measiu'es of tins category must Jiave: (1) Ordinances, 
sanitary laws and regulations, and (2) enforcement agencies. The 
former may originate nithin the community or be imposed upon 
it by a larger social unit of which it is a part. Enforcement may 
similarly be under the control of tommtinity agents or those of the 
greater social unit. 

Although many food laws originate out of economic necessity 
they indirectly meet many of the sanitarj' neetls of the food supply. 
Each community which is covered by such laws must examine them 
thoroughly in order to determine just how far tlicy go in insuring 
protection from factors wliicii are of sanitary concern. For example, 
a federal law may require that a particular food sliould contain no 
adulterants but may be inadequate as a protection against the use of 
contaminated food. 

Local regulations aim to enforce ptwlucers outside of the com- 
munity to raise, prepare and distribute foods in a manner agreeable 
to the community. Tins is possible even without control over the 
outside agents because it utilizes economic pressure by means of 
competition and the boycott or the confiscation or inadmissibility 
of undesirable products. 

All producers, processors and distributors of food products in- 
tended for public consumption can be brought under the control 
of the health authority by the principle of licensing. The health 
authority, knowing its standards, can require that they be met 
l)efore issuing a permit to any business in any branch of the food 
industry. It must hack this up by prohibiting anyone to deal with 
foods covered by the law who lias not received a permit. 

Having established its standards, fonnulated laws to cover them, 
and given permission to operate under them to individuals and 
organizations o^er whom it has jurisilietion, tlie health authority 
must establisli a machinery to enforce its obligations. Sanitary' 
laws without means to deteniiine whether they are being complied 
with may lie worse than no laws, at all because they raise a false 
sense of security. Once a community has acted to protect itself 
it has tiicreby accepted an obligation to the health of its members 
which it cannot evade. 

Control is obtained by the use of sanitary inspectors, medical 
attaches for special work such as physical examination, quarantine 
of livestock, biologic tests on food animals, cooperation W'ith other 
agents which have charge of common interests such as sewage 
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disposal, ^\ater supply, drainage, public buildings and industrial 
processes, and by the use of police powers and resort to the civil 
courts \\hen necessary. 

It \vill be most convenient to examine the requirements to be met 
in certain broad groups of food substances and in some of the princi- 
pal processes in which food is involv’ed as it passes from producer to 
consumer. 

Meat, Meat Products and Sea-food.— There should be authority 
to enforce the standard of eliminating all sick animals from herds 
used as food sources. These animals can only be revealed by fre- 
quent inspection by qualified veterinary inspectors. Animals with 
tuberculosis or positive tul)erculin tests, contagious abortion or 
undulant fever and positive Bang or lluddlcson tests, anthrax, 
hog-cholera, generalized actinomycosis, extensive cj sticerciasis, 
foot-and-mouth disease, or having any evidence of visceral or gen- 
eralized septic proc'csses should be condeinnetl. 

All animals to be butchere<l should l>e brought on the hoof to a 
public slaughter house or abattoir. In any «cll organized com- 
munity it should be forbidden to slaughter animals privately. 
The abattoir is essentially a health station at ^^llich all animals or 
their parts which are found to harbor organisms pathogenic for 
man are rejected and refuse<l entrance into the communitj. Inas- 
much as it deals ^^ith dead animal tissues to be used as food it must 
do so under the highest of sanitary precautions. A slaughter 
house should be a model of sanitation and not a blood-smeared 
shambles. Cleanliness of premises, instruments and personnel 
are essential and it must l)e equipped with an adequate, clean, 
water supply, sanitary toilets and wash facilities. It should be 
screened and vermin proof and free from rats, mice and the 
ubiquitous hound looking for food. 

All slaughtering should be done under the most approved, 
humane methods and inspection of the meat and carcasses carried 
out by veterinarians. Jleats, as soon as passed, should be placed 
in cold storage. 

The construction of the abattoir should be such that the materials 
used are non-absorbing and open to thorough cleansing throughout. 
Drains should he led off fo adequate sanitary disposal systems. 
The entire plant should be washed down and disinfected after 
each butchering. 

All meats passing the inspectors must bear the tag or indelible 
stamp of approval of the responsible authority. 

Raw meat products in transit can best be maintained in a healthy 
condition by cold. This can be obtained by freezing or cold- 
storage, Cold it must be recalled is primarily bacteriostatic and is 
effectively so to all human pathogens. Refrigeration below 5° F. 
is fatal to Trichinella spiralis after twenty days and to Tania 
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saglnata in six days. All meats ^ould be maintained at a tempera- 
ture of less than 15® F. from the time of killing until delivery to the 
consumer, ^^cats may lie kept in cold storage under modem condi- 
tions for indefinite periods with perfect safety. 

\Vlien once removed from the cold, however, they immediate!}’ 
become open to external contamination and unkilled organisms 
within them can begin to multiply. No meats out of the ice box 
for more than a few hours are safe for consumption. House- 
hold refrigerators shouhl possess an air temperature of not less than 
45® F. (7® C.). 

Fish must be considered as meat, lliose eauglit and destined for 
the market must be place*! on icc immediately and cleaned at the 
earliest opportunity. Wliolesale collecting platforms should be 
under sanitary regulations with particular regard to the cleanliness 
of the water and ice supply and the adequate storage of fish in ice 
both at the time of their receipt from the individual sources and 
while awaiting transhipment. 

For perfect safety fish should be frozen. Tliey may be kept in 
good condition for as long os two jears if stored at a temperature 
not over 3.2® F. (-10® C.). 

Sliell-fish, especially oysters and clams, ore frequently bedded at 
tile mouths of rivers and estuaries, the waters of wliicli are almost 
invariably contaminate*!. Wliereas dilution and artificial treat- 
ment of sewage should make these waters free of potliogenio organ- 
isms this is not tl\e case in many instances because of lack of sanitary 
control at tlie habitations along the river. Because the oyster Is a 
water-drinker and sifts out minute animal life, bacteria and organic 
matter through its gills, the tissues and juices of a fresh oyster will 
reflect the bacleriologic state of the water in which it lives,. The 
pre>ence of E. coH in incasuretl amounts of shell-liquor is taken os an 
index of o}’ster pollution. The counting or scoring is performed as 
follows: 

1. Mix the shell-liquor from 5 oysters. 

2. Add 1 cc. of the shell mixture to each of 5 tubes of lactose 
bouillon. 

3. Add 0.1 cc. of the sliell mixture to cacli of 5 tubes of lactose 
bouillon. 

4. Add 0.01 cc. of the shell mixture to eacli of 5 tubes of lactose 
bouillon. 

5. Inaibate all tubes and observe each one for the presence or 
absence of E. coli. 

Score 1 for eadi tube poritive in the dilution 1 cc. but not in 
0.1 cc. Score 10 for each tube positive in the dilution 0.1 cc. but 
not in Q.Ol cc. Score 100 for ea^ tube positive in 0.01 cc. If the 
sum of the scores at the three dilutions is greater than 50 the oysters 
are condemned. 
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Oysters ina}' be rid of many bacteria by transferring them to clear 
water in which they will rapidly empty themselves. 

No reliance can be placed on this in practice except under the 
most rigidly controlled conditions. If this proves unsatisfactory 
chlorination may be resorted to in clilorinatioti tanks where the 
oysters are kept in water containing 0.5 to 1 part of chlorine per 
1,000,000 for tnenty-four hours. The water is then renewed and the 
oysters withdrawn as desired. 

Claras, molluscs and snails also take up pathogenic organisms 
from water and may be the source of widespread infection. 

All commercial o\ster and clam betls should be licensed and the 
acceptability of their location should be determined by reference 
to the degree of contamination of the water and their relation to 
currents, outlets and w ater channels. Sanitary control over their 
collection, storage and shipment must be as rigid as in the case with 
fish. Clean water and the generous use of clean ice are the only 
practical and economic necessities for the sea-food trade from the 
time of the catch to the consumer’s table. 

Many meat and some sea-foods are processed before delivery to 
the consumer. Dr^-ing, canning, preserving, smoking, salting, 
pickling, and the addition of chemicals arc the most common. 

In respect to meat, particularly. It ina\ be stated with emphasis 
that canning and pickling are the only processes which are reliable. 
There can no longer be any excuse for tbe use of chemicals other 
than the 0.1 per cent limit of benzoic acid allowed by the I’nited 
States Public Health Service for certain foods. Smoking is too 
ineffectual in the deeper parts of the meat, especially of pork prod- 
ucts, and drying except in well-organized large scale production is 
open to the same criticism. 

Canning is essentially a matter of sterilization and if the raw-^ 
materials are fit for consumption and the technics employed are 
above reproach for the partievdar food concerned the product in 
the hands of the consumer should be entirely sterile, clean and 
wholesome. Faults in the chain may result from failure to sterilize 
the contents of the can throughout and the presence of cracks, liolcs 
or leaks in the container. 

^Yhen canned meats are once opened they are subject to ready 
contamination and must be kept at refrigeration temperatures. 
The original can is probably more sterile than other household con- 
tainers and the food can be kept in it without danger provided it is 
placed in a satisfactory refrigerator or ice-box. 

All commercial establishments which process foods by any of the 
above methods must be under sanitarj- control. Samples should be 
taken from time to time from stock supplies and tested for sterility. 
The technics employed must meet the standards of the health 
34 
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authority. The sanitary controlling body must ha\e the j)o\\tT to 
confiscate undesirable protlucts and force the corrcctiou of faults. 

The sanitary control of .animal herds, abbatoirs, sea-food supplies 
and the processing of foods protects the individual in the com- 
munity, and not infrequently the whole community, from a large 
number of serious and sometimes epidemic diseases. By tlie proper 
prevention through these sources of infection, the individual is pro- 
tected in wajs nluch would Jn many instances be bejoiwl fiis own 
efTorts. The householder and the restaurant owner can hardly he 
expected to be able to apply the methofis of detection available 
to the authorities and the health boanl must therefore act for him. 
Except for the control of the water and milk supply there is lui 
greater dividend to be obtained for the community and the indi- 
vidual than through an adequate supervision over meat. It is a 
food essential to all and consumed by all and it must be clean as 
well as wholesome. 

Vegetable Foods.— Although vegetable and plant foods may be 
gromi in the most highly contaminated .«oih and waters the infccti\e 
agents are with few exceptions rca<lil.\ removed by washing. I>eafy 
vegetables and those built up in layers like onions and corms can 
trap organisms between the layers .so that the>’ resist removal by 
water ami can he released only by peeling. Cabbage, lettuce, celery, 
and other cnbbage-Iike plants are the main ofTemlers in this class and 
simple wnsliing cannot be relied upon. 

Water-cresses, single stalk plants and sinootli tulK-rs and fruits 
are more readil\ cleaned but may not be completely so. 

In general, all raw plant foods are potentially harmful aud should 
never be eaten without thorough cleansing in clean u ater. In regions 
where human night soil is commonly used as fertilizer tliey sliould 
not be taken uncooked. Scalding and the iLse of chemical disin- 
fectants usually so destroy the desirable qualities of the food that 
nothing is gained by resorting to them. 

Public health is generally little concerned with the vegetable 
foods from the point of view' of aintamiimtion because so iniicli 
depends on the habits of their preparation for the table. It is 
interested, however, in the custom of using Inim.'vn night soil and 
should prohibit it unless, the material has first been rendered 
innocuous. 

Contamination by food handlers in public places is tlie c-nneern 
of the health authorities but this aspect of the subject is considered 
elsewhere as is also the prophylaxis to be exercised by’ the consumer. 

The preservation of vegetable foods by drying, canning, pickling 
and preserving either sterilizes them completely or acts by bacterio- 
stasis. Improper technics in any of these may' leave tlie contents of 
containers contaminated and a real source of danger to the con- 
sumer. Commercial bouses should be held to regulations governing 
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the processes involved to make sure that they are adequate, and 
they should be checked up by the examination of random samples 
taken from stock. 

As in the case of meats, preserved vegetables can become con- 
taminated after they have been removed from the can or jar. They 
therefore should be used immediately or kept on ice. Suspiciously 
unclean, rustetl and bulging cans should be discarded. That even 
preserved vegetables are not necessarily safe is shomi by the re- 
peated instances of outbreaks of botulism due to canned ripe olives 
which were improperly processed. 

Vegetable salads are notoriously dangerous if they are con- 
taminated. Instances of severe enteritis resulting from infected 
salads are numerous. In some of these the contamination has 
occurred offer the salad had been made so that eventualities before 
and after preparation of vegetable foods must be watche<l for. 

Public Eating Places and Food Handlers.— It will be assumed 
that the raw food products used by restaurants, lunch counters, 
soft drink and ice cream stands, sandwich shops, bars and the like, 
conform to sanitary standards. The health problem involved from 
there on rests on contamination on the premises. 

Food dishes prepared from the stock of milk, meats, groceries, 
eggs and miscellaneous condiments are open to contamination while 
being prepared, after they are prepared, while waiting for sale, and 
during serving. The greatest single source of contamination is from 
human hands. Although it may be highly unesthctlc to have pre- 
pared foods and those to be eaten raw, handled directly and thus 
contaminated with dirt, dead cells* and harmless bacteria it is 
more than that if those hands harbor pathogenic organisms. These 
foods will not be sterilizeil again and the consumer receives a direct 
dose of potentially dangerous parasites. This is more than imagina- 
tion when it is recalled that the skin of the hands cannot be made 
sterile under the best conditions. Food handlers in public eating 
places are notoriously careless and for this reason every effort must 
be made by the sanitary authorities to see that the handler himself 
is not a carrier of organisms whicli can affect the food. This can be 
accomplished by certification of all those engaged in the handling 
and preparation of foods. The certificate should be specific in 
regard to diseases most likely to be carried by food and on utensils. 
The responsible organisms are, for the most part, those inhabiting 
the gastro-intestinal tract but also included are the agents responsi- 
ble for tuberculosis, syphilis, gonococcal infection, diphtheria, septic 
sore throat, and those of the common contagious and parasitic 
diseases. A certificate of clean health signed by a physician licensed 
in the community and in good standing, or b\- a plij sieian employed 
by the health authority, should be necessary before any individual 
can be employed in connection with the public preparation and 
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scrviiif,’ (iF food. 'Die certificate should be renewable annually, 
after medical examination. The holder should be subject to re- 
examination at any time deemed necessary by the health authority. 
It is obvious that the examination must be complete enough to 
make the certificate more than ft mere formality. A test for syphilis 
and ft fecal examination should be compulsory. 

In many institutions the cooks and waiters are less .sanitary in 
their habits and clothing than those who do the milking in a com- 
mon cow barn. Although it is admitted that this is difficult to 
control by law public opinion should he marshalled against unsaui- 
taiy establishments of this nature. The proprietor should be made 
to insist on clean lauridereil service clothes and cleanliness on the 
part of the personnel. 

A second source of human ciintaminatioii is the consumer. It is 
he who is largely responsible for pollutlori of the utensils. This is 
harmful to others only when provisions for wasliing and sterilizing 
dishes and utensils are inadequate. Krog and Dougherty* found 
bacteria on utensils collectcxl in public eating and drinking places 
numbered from 10 to 1 15, (XX) bacteria per utensil. Tlie wash water 
in which they were cleaned !»ad bacterial counts from 1000 to 
928,000 bacteria per cubic oentimctcr. 

These organisms are apparently cumulalive in tJie wash water 
and represent tlie mixed flora of many patrons. It is readily con- 
ceivable that damp warm utensils coming from this nater and used 
very soon afterward m.ay convey pathogenic organisms in a vial)le 
state from customer to customer. This is more than likely to occur 
under the conditions met by' Krog and Dougherty’ where it was 
resealed that in most establishments the glasses and dishes were 
washed only in lukewarm soapy water after each using and that in 
beer and alcoholic beverage shops the glasses arc waslied in hot 
soapy water only once a day or two or three times a w eek. Betw een 
customers they are mostly washed by a dip in cold water. 

A constant flow of hot water or water and steam over dishes and 
glasses Jicld in racks is cxjmplctely satisfac'tory trom a sanitary point 
of view. Water standing in stoppered sinks cannot be retained at a 
high enough temperature for a sufficient length of time to sterili/e 
more than a single washing of a few' utensils at a time. If it is not 
too }iot for human harufs it may not be too hot for resisting organ- 
isms, A satisfactory method in small establishments is to place the 
dishes and utensils in a wire rack which can be lowered into a kettle 
of water that is kept boiling. The use of soap is optional so far as 
bacteria are concerned but is advisable for genera! cleanliness as it 
aids the removal of adherent particles and grease. 

It is better to air-dry utensils than to wipe them with dirty dish 
cloths which accumulate filth in the same w ay’ as dishwater. 

* Krog, A. J., and Dougherty, D 8 . Am. Juur. Pub. Uealtb, 26, 837. 1330. 
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Prepared foods (as well as raw foods u'aiting to be cooked) may 
be contaminated through the ageiicj of flies and cockroaches. It 
has been demonstrated many times that these vermin can carry 
pathogenic organisms on the exterior of their bodies and if allowed 
to crawl across culture media will leave a trail of multiplying organ- 
isms. They can do the same under the conditions found in restaur- 
ants where they can gain entrance and <leposit bacteria brought in 
from neighboring privies and garbage heaps. These are again pre- 
dominantly intestinal organisms such as the typhoid, enteritis and 
dysentery bacteria. 

All enclosed public eating places should be required to be screened 
by law, and open air counters should have screen or other covers 
which can be placed over standing foods. Deterrents and poisons 
should be resorted to to rid establishments of vermin. 

Sanitarj- conditions of the premises in general should be required 
by law with particular attention to adequate clean toilet facilities, 
individual hand ton els and clean dressing rooms. The cooking 
compartment should be open to frequent inspection by official 
representatives of the health authority. 

Public Markets.— The users of public markets should be licensed 
to sell under the provisions of a sauitaty code. Most of these pro- 
visions are extensions of the requirements made of the producers 
because there is little difFerenee in the way the materials are handled 
and stored in each instance. Clean water and clean ice are pre- 
requisites of any public market. All perishable foods should be 
kept at refrigeration temperatures in show cases or storage vaults 
and never allowed to warm up. Handling by customers should be 
reduced to a minimum if permittecl at all. Xon-perishable goods 
should be protected from flies, cockroaches, mice, rats, cats, and 
dogs by suitable barriers. 

Those concerned with the oversight of public markets must 
understand that all foods collected there are older by hours or days 
than they A\ere at their source and that this means that they can 
he more readily spoiled. If preservation has been inadequate or 
delayed, autoljsis and bacterial activity has probably already com- 
menced and may or may not have been completely stopped by the 
processing. But in either case autol^zetl meat, fish, eggs and other 
perishable foods are excellent media for further bacterial activity. 
The aim of the sanitary requirements is to make sure that a miniinim 
of new contamination results and that new and old organisms are 
held in check by cold. 

The ideal public market should be as sanitary as a restaurant. 
Because vegetable greens, meat refuse, and discarded produce must 
be disposed of this can hardly be an excuse for throwing tliem 
casually on a saw-dust covered, spit-saturated floor. Receptacles 
of a sanitary tj-pe should be installed at each market stall and their 
contents duly disposed of to hog raisers, or he incinerated. 
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Tilt; entire' market »hoti]<l lie rat-pronfeil ami hcreened if possible. 
If the latter is not practitnl all foods slioobl he ninlcr cover. (The 
Public Health Department should see tliat public markets are not 
located near dumps and disposal heaps of any kind.) 

PROTECTION BY CONTROL OF PRIVATE INTERESTS. 

In every permanent community there are private interests which 
serve the population to an extent approaching; public service. They 
are the barber shops and hairdressing establishments, auditoriums 
and shouhouses, industrial plants and the larger commercial 
establishments, railway and bus services, and laundries. In these, 
large nuinliers of the populace accumulate at one time, or in smaller 
groups with a rapid turnover; or their clothing is brought together 
in bulk. In each instanc-e there is un opportunity for the trans- 
mission of viable pathogenic organisms from host to host even with- 
oxit their participation in a common act such ns the taking of food. 
In genera! it is a matter of transmission bj contact, cither mediate 
or immediate. 

The fact that the services arc paid for does not relieve the private 
interests of rc.sponsibility toward the gem-rnl health of the people 
they serve. Because they are licensed places of business the health 
authorities should lie able to dictate how they should be run so far 
as transmissible disease hazards arc concerned. This can readily 
he provided for under a comprehensive sanitary code. The nature 
of the code will necessarily vary under difl'erent social and political 
systems but there are general clauses which should be civmmonto all. 

Barbers and hairdressers come Into personal contact with their 
clientele and it is reasonable to assume that these handlers of other 
people should be clean. Transmission of disease by them is largely 
by way of the skin and superficial mucous membranes but their 
nearness to their patrons also makes them potentially dangerous 
as disseminators of air-borne infections. 

The liealth authority can act to protect the public by requiring 
health certificates from these workem with special regard to .skin 
diseases and general diseases with cutaneous and mucous mem- 
brane lesions, particularly syphiUs. 

Because the instruments and linen whicli they use must be rc- 
use<l frequently sanitary sterilizers sliould be required for the former 
and satisfactorily clean and hygienic laundry facilities for the latter. 

General cleanliness and personal hygiene on the part of the em- 
ployees should be required of the proprietor. Tliis may be enforced 
by the pressure of public opinion and such indirect measures as legal 
prosecution in cases of sickness known to have been acquired from 
the establishment and resulting from carelessness on the part of the 
proprietor. Bven for Its own good the management should par- 



PROTECTION BY CONTROL OF PRIVATE INTERESTS 535 

ticipate in the principle of the periodic health examination of 
employees. , 

So long as people congregate in ill-ventilated, crowded audi- 
toriums and places of amusement they will subject themselves to 
opportunities of massive infections by air-borne organisms. In all 
probability this cannot be avoided and it is a risk all must run 
particularly at those seasons of the year when respiratory infections 
are prevalent. The only broadly effective effort to prevent such 
diseases is to remain away from such crowded places and to keep 
out those who are already infected and in the infective stage. This 
can be accomplished by regulations in public schools hut can hardly 
be expected in institutions operating for profit. Education alone 
can bring about public support of any plan to prevent the admission 
of harmful individuals. 

The interiors of many amusement houses never see the light of day 
and destructive sunlight never has an opportunity to reduce the 
bacterial content of the air, carpets and upholstery. Deliberate 
humidification of the air acts still further in favor of viability and 
spread of micro6rganisms_sneeze<l. coughe<i and spat into this highly 
contaminated environment. 

All public congregating places and private institutions of the same 
nature should be thoroughly ventilated between assemblies. The 
ventilation system should conform to standards Tvluch prohibit 
objectionable air currents but atm to produce minimal draughts 
downward toward tlie floor. Spitting must be absolutely prohibiterl 
and punishable by law. The furnishings should be simple and of a 
type readily cleaned. Seats and chairs in motion picture houses 
especially are made more sanitary if the\ have removable, wash- 
able, seat and back covers. There should l)e no carpet on the floor. 
Non-absorbahle floor material is readiK washed douTi and dried 
between performances. 

Adequate sanitary toilet facilities installed and maintained under 
the health authority are compulsory, llie last statement should 
apply to all lavatories and toilets open to public use. The sanitary 
requirements refer to general cleanliness of the rooms and utensils, 
the use of sterilizers for combs and brushes, acceptable plumbing 
and flush toilet and urinal installations, and good ventilation. They 
should be inspected frequently and there should be penalties for 
violation of the sanitary code. 

Railway trains and cross-country buses to a lesser extent should 
come under the authority of the political units under which they 
operate. The new’ problem of the individual auto-trailer must be 
solved in this country by the State and municipalities singly or by 
combined efforts. The chief concern of each of these methods of 
travel is the collection and disposal of excreta. If it is assumed that 
the toilet facilities are adequate and clean there still remains the 
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question of dt&posUion. Obviously, no treatise on sanitati<m can 
condone the practice of dumping excreta yntreated aloiiR the high- 
•\vayb. Tlicre is always the danger of water coiitiiminatioii from 
such sources. At iirescnt, esiiecially in regard to tlie bus aiul auto- 
trailer, it appears that the solution will be the provision of individual 
disposal stations located at convenient points along the main 
highwaj's. They might consist of miniature disposal plants enclosed 
in suitable buildings in whicJi there are large deep tiush sinks into 
which pails and chemical treatment tanks could he emptied. If 
there is a water system available they could he connected with the 
community supply. In isolated districts the water head could be 
obtained by storage tanks filled from a surface well pump or an 
artesian well. Tlie ultimate disposal in the latter circumstances 
would logicallj- be a septic lank or cesspool. 

Cross-countrj- buses equippetl with toilets might readily he 
emptied by suction or siphonage from the tanks at their terminals 
or other stop-over places. In all instances the immediate collection 
of excreta should be into tanks or pails containing sterilizing niul 
deodorizing chemicals. 

General laundries handle clothing, bwl-lincn, service linen and 
toweling, drapes and many miscellaneous materials received from 
nil forms of public and private sources and which have been sub- 
jected to nil kinds and degrees of infective agents. Sickroom- 
contaminated linen and dirtied household bed-linen, filthy street 
and house clothes, dressings from infected sores and soiled hospital 
gowns, represent but a few of the contaminated and highly infectious 
materials which are haniUe<l bj worker^ in wllectiiig, marking, 
sorting and treating the kaundry. 

Although modern methods have largely reduced the possibility 
of spread of infection from one man’s laundry to another’s there 
remains the potential infection of the worker wJio handles the 
material. 

Sanitary laundrj- codes mifet aim to prevent infection of the 
worker and the spread of infection from the incoming dirty laundry 
to the outgoing finished product. Tlie general requirements to 
satisfy these needs are; (1) Collection of individual supplies in 
separate heavy cloth containers; (2) sterilization of the unopened 
UagH by heat (Uve ateam for fifteeu to twenty miniites) before 
sorting, counting and marking; 0) sorting and packing tlie finished 
laundrj' in rooms or compartments separate from the incoming 
laundry, (4) physical examination and certification of emplojees 
that tliey are free from anj’ communicable disease. 

All ordinary laundry" procedures which utilize near-boiling water, 
steam or steam under pressure, soaps, alkalies and chemicals, cither 
alone or in combinations, efrecti\*ely destroy all pathogenic organ- 
isms. 
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PROTECTION BY CONTROL OF LIVING ANIMAL HOSTS. 

Animal hosts in all classes other than the Arthroixida will be 
considered in this section. (For the control of insect liosts see 
page &46.) 

Rabies is historically among the earliest instances, if not the 
earliest, in which man recognized the connection between a disease 
present in a lower animal and appearing in himself apparently as 
the result of transference. This observation along with other 
influences, particularly fear, Ie<l early to attempts to evade rabid 
animals and eventually to control them. Today there are many 
species of animals recognized to l»e equally as dangerous as rabid 
dogs and it has become a matter of public interest and mutual 
protection to control them. This has come about as the result of a 
Jong series of brilliant discoveries in the field of epidemiology which 
together make up one of the most brilliant pages in medical history. 
For the lists of animal hosts and the organisms ^^hich they convey 
see page 410 (bacteria, viruses, rickettsire and spirochetes); page 
422 (fungi); page 424 (protozoa); page 420 (helminths). 

The lower animals are among the most important factors in 
human ecologj’. Man subjects himself to the diseases from >\hich 
the animals suffer by ingesting tlieir flesh, handling them while alive 
or their products after death ; or subjecting himself to Insect disease 
vectors \\hich they harbor, or infective agents in their excreta and 
discharges. 

In a previous section some consideration was given to the control 
of animals used as food. Many of these function as agents in the 
dissemination of disease in ways other than by serving .is food and 
must therefore be subjected to additional control. 

At the periphery of the community animals of many t> pes gain 
admission by deliberate importation, as accidental invaders carried 
in by man, or by extension of their natural activities. Each com- 
munity has its own specific problems In this regard. Analysis of 
animal-borne diseases present in a community gives some indication 
of their probable outside source, and recognition of the presence of 
animals outside of the community which are known to be potential 
carriers is a warning either to prevent their entrance entirel%’ or 
admit them only after thorough-going inspection. The particular 
barriers to be set up against them must vary therefore with the 
diseases which are to be prevented and the avenues of entrance by 
which the disease agents can be introduced. Much money and 
effort mil be wasted unless this control is scientifically applied. 

Quaraniine is the common method of control o\er animals 
deliberately imported into a community and those wliich to a great 
extent come in on ships, trains, carts, etc., as unwanted passengers. 
It consists in iletention of the animals or the vehicles wliich harbor 
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them ftir a svifficient periotl of time either to permit inspection of tiie 
animals or tlie coininon carrier, or to permit the disease to appear in 
animals ulilch at tlie time may lie in the period of incubation. 

Tlie diseases for wliicli animals arc held in quarantine as a rule 
diminisli in number the larger the community. Thus, there are but 
few conditions for which nnimaU are refuseti ntlmission at national 
boundaries by international agreement while the number at state 
and municipal lines are many. 

Animals are imported for domestic uses of many kinds— food 
sources, beasts of burden, animal prcxlucts, to be kept ns pets, and 
as mviseum and yoiiloRical specimens (including; laboratory experi- 
mental animals). Tliey are intro<luc«l through natural channels 
of trade and therefore come in by boat, public and private carriers, 
or on foot. Ilecaiise it is impractical fo require all animals to be 
introducetl throiigli a single portal, the sjuarantine and inspection 
aj stem must lie set up at all possible places of entry. Provisions 
must be made for the detention of animals under sanitary condi- 
tions and the inspection must be carriejl out by veterinarians. 
Laboratory facilities are nea-ssary to <lctermlne the presence nf 
such infections as tuberculosis and contagious abortion (Tuberculin 
and Iluddleson tests.) 

No attempt can lie made here to name tlie diseases which should 
be entirely prohibited because of the great s-nriability in the local 
circumstances. TJie economics of the .situation might make it 
absurd for instance to deny the admission of cattle nith an infection 
which alread.v has a liigh luciclence in the community. 

In the United States. Fwleral regulations require certification 
from the country or district of origin llmt the imported animals are 
from an area in uliicli a quarantiiinblc disease has not been present 
within a prescribed length of time nml that the animals have been 
isolated at tlie point of shipment for a periotl varying from fifteen 
to sixt.’i tlays before embarkation. 

Most quarantine regulations are concerned with diseases com- 
municable to animals as well as to man. The interest in the present 
discussion is limited to those conditions which are hazardous to 
man. Below are gi\en the main diseases of animals which can he 
{ommunicated to man and for which regulation is net“essary. 

Cattle.— Tuberculosis.— It is very (tueationahle if tuberculin 
positive cattle should he allowed to enter even though it already 
exists witliin the c'ommunity. localired infections tlo not 

necessaril.\’ mean complete economic loss to the owner for tlie cattle 
may be slaughtered and certain cuts of uninfected meat passed by the 
inspector. All cattle with conta^oiis abortion or positive blood 
tests should he denied admission. Anthrax, foot-and-mouth dise.ase, 
and rabies are inadmissible. Cattle with septic infections, diseases 
of the udder and diarrlieaf conditions should he kept out until the 
infections b.ave been cleared up. 
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Horses.— Glanders and anthrax are inadmissible under any 
conditions. 

Hogs.— Trichinosis is the outstanding health problem of imported 
hogs and yet there is no sure way of diagnosing it during life. 
Quarantine must be limited therefore to recognizable cases. Hea\w’ 
importations with Tania solium, cases of foot-and-mouth disease, 
tuberculosis, contagious abortion, and anthrax sliould be watclied 
for and denied admission until clcaretl up, if possible. Swine 
influenza should probably be quarantinc<l in view of its possible 
relationship to the human disease. 

Sheep.— The presence of anthrax, tularemia, foot-and-mouth 
disease, and Rift Valley fever are sufficient causes on which to 
prohibit importation. 

CosXs.— BrvceUa melitetisis infection should be tested for in all 
goats detained by quarantine. If the test is positive the animal 
should be rejected. To a lesser extent goats may also bring in 
anthrax and foot-and-mouth disease, an eventuality which should 
always be anticipated and prevented. 

Dogs.— No dog should be allowed to be imported which has not 
received preventive inoculation of rabies vaccine. Dogs harboring 
Echinococcus granulosus should either have their infection cleared 
up or he kept out. 

Cats.— To be retained in quarantine until it is established that 
they do not have rabies. 

Monkeys.— Only tuberculosis-free monkejs should be admitted. 
Parrots, Parrakeets, Cockatoos and Canaries.— To be quaran- 
tined until known to he free of the virus of psittacosis or restrictetl 
entirely when known fo lie importeil from established centers of 
infection. 

Specimen animals for museums and zoological gardens belong for 
the most part to animal classes which have representatives among 
the domestic and semi-domesfic .animals and are therefore subject 
in general to the same diseases. Restrictions on their importation 
should be on the same basis as those of the domestic species. It 
is even more essential that they be held in isolation at the point of 
shipment because there is seldom any index of the prevalence of 
their diseases in the wild state. 

The onlj wild animals of an,\ importance which are capable of 
oarrjing human pathogens, and which are introduced into a com- 
munity by common carriers are rats and mice. Thej are so 
ubiquitous and adaptable fo almost every climate that it can be 
assumed that tliey are present on eveiy ship, and will be found 
occasionally in freight cars, animal-drawm carts, and more rarely 
in motor lorries and the laiger freight carrying airplanes and 
dirigibles. 

These animals are notorious disseminators of plague and their 
accidental introduction into commiinitie.s has been and still is 
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responsible for cpi^lemlos of this disease. As n result, every country 
wliicli 1ms signed tlio Jntrniatiunal Quarantine Agreement, and 
many others, Iiave a<loj)tefI general measures ilesigned to prevent 
the interchange of rats and mice between sliore and ship. This is 
accompli-'Iied by allowing n free-space of not less than 4 feet be- 
tween the w'liarf and the ship side and placing rat guards on all 
hawsers, tow atwl drag lines, and by constant vigilance over all 
gangways day and night. 

If the ship nr other carrier has come from a port at which cases of 
plague or typhus have been rcportctl or cases of eitlier of these tw’O 
diseases have devcioperl en route no cargo should be remo%'ed from 
tlie vessel until it has been fumigated and all rats killed. 

Under all conditions no Utter, fotlder, crates, boxes, or manure 
should be allowed tf) he removed from any vessel unless it has first 
been thoroughly inspectetl and is caiTic<l off tinder strict sanitary 
reatrictioi\s. 

All baggage and freight slings, conveyors, ladders, planks, lighters, 
small craft or any other contrivances which operate between ship 
anti shore or connect the two in any way while in use should be so 
disposetl of when they are idle that no possibility e.\ists for them to 
act as runways for rats. 

Considerable atlvance has been matle to keep tlown rat infesta- 
tion in recent years by the construction of rat-proof ships. This h 
atill so uncommon In the shipping at Oriental ports that no reliance 
should be placed on it in spite of the general cleanly appearance of 
the vessel. 

Airplanes and dirigibles should be subject to similar precautions 
with allowances for the thffcrcut cmwUtions under which they are 
berthed. 

Inland quarantine is more difficult to apply because of the great 
variety and number of .small carriers concerned. National boun- 
daries can be zealously guanled because of regulations which require 
carriers to be halted for purposes other than sanitation. Tliis per- 
mits the health authorities to participate in the inspection of the 
carriers and require the satisfaction of their sanitary codes. They' 
can therefore establish frontier quarantine stations and isolation 
areas for infected animals and »it up provisions for testing for 
diseases of various kinds. 

Rodent control should be an integral p.'irt of inland quarantine 
wherever plague nr ty’phus fev’er are endemic on either side of the 
boundary. 

The control of infecteil animals within a comnumity must inclutle 
measures directed against both domestic and wild animals. Jlany 
of the social and political units include areas inhabited by wild 
animals whiclv perpetuate diseases among themselves nn<l are a 
con.stant re.servoir of infective agents transmissible to man. 
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Control measures against infected domestic animals have already 
been discussed for the greater part under infected food supplies anti 
soil contamination as these are the major processes by which they 
transmit disease to man. Because they can also produce disease in 
the human by contact and by acting as hosts to insect vectors of 
disease agents tlicre arc certain measures Tvlncli should be taken to 
prevent such diseases at their source. Herd inspection of cattle, 
swine, horses, sheep and goats sliould be encouraged by private 
owners even if these animals are not hiisbaiulccl for food purposes. 
Breeders who raise animals for any reasons should be required to 
weed out all members w'hlch show evidence of tuberculosis, an- 
thrax, contagious abortion, glanders, f(K)t-and-mouth disease, heavy 
infestation uith intestinal parasites and tissue parasites such as 
trichina. Although this may be difficult to enforce by ordinances 
unless they come within provisions designed to protect tlie fooeJ and 
water supply or infected animal products for commercial use, the 
economic importance of a clean herd sliould be impressed on the 
owners by everj available means. 

Non-herd animals such as dogs, cats, birds and other pets and 
individual members of the lierd group which are held by private 
ow’ners may become a public menace when they are allowed to roam 
at large or are kept on private premises under unsanitary condi- 
tions. Both of these possibilities are controllable by statute. The 
sanitary code should dictate the conditions under whicli penned 
animals can be kept and should prohibit animals which are poten- 
tially infectious from wandering free about the community. The 
only way for example in which rabies can be effectively controlled is bj’ 
a strict system of licensing of all dogs. Licensing should require pro- 
tective immunization and all unlicensed dogs should be impounded. 

Owners of pet shops should be held liable for the sale of infected 
animals and their places of business should comply with spiecific 
provisions for them in the sanitary code. • 

Tlie interest of the Health Authority in the wild animals of the 
community is limited to those types which are known conveyors of 
diseases communicable to man. In this, every community has its 
own problems. In one area it may be infected ground squirrels 
which are responsible for the perpetuation of sylvan plague while 
in another the reser^'oir hosts ma^’ be the large game animals of 
Africa which are infected with trypanosomes. The particular 
animals which are concemerl with the propagation of specific disease 
agents are discussed in a later section of this work. At this time it 
will suffice to consider briefly the general measures which are 
applicable in their control. 

Rodent Control.— Although the construction of rat-jiroof build- 
ings entails expense it h the dieapest and most effective method of 
controlling rats in the long run. The following general specifica- 



512 THE DEFENSE AGAINST INVADING OliGANISMS 

tioiis sliould be in rat-proof construction; (1) The ground 

area shouhl lie covered witli cement under all markets, abattoirs, 
rchtnurants, nnitnul rciiderinK plants, food mills, dairies, animal 
pens, stalls and stables, all buildincs usetl for the sale or .storage of 
food products, waste bins, manure and ofTal depositories and toilets. 
(2) licsideuces with basements or cellars must have the pniund 
area covered with concrete which is continuous with a surrouiuiiii;’ 
wall of concrete, cement, or bricks and mortar wbicii extends not less 
than 1 foot al)Ove the RTound surface. (3) Ilcsidenccs without base- 
ments or cellars should be set on pillars not less than 18 inches 
aliove ground level. (4) Spaifs aljovc the sills between wall 
boards and joists sbould be filled with cement or brick and mortar 
for a height of 18 inche.s alme the sill. (5) All ventilation spaces 
between douljle walls, floor and ceiling should be screened, ((i) 
Outside walks and runways should rest firmly on the ground or he 
edged in. (7) General provisions should be made for cleaning out 
accumulated wastes beneath buihUngs erected on pillars atul to 
prevent access of rats to drains, gutters, attics, storage sp.aces, 
closets, shelves and out-houses. 

Householders ami lamhnYners should he rvqnirwi to keep outshle 
premises in a reasonably clean c-omlition. Municipal sewer systems 
must have their partic ular specifications in regard to size and accessi- 
bility of drains and ciTcettve screening where necessary. The general 
nnisancc provisions of the sanitary code will aim to prevent tlie 
accumulation of wastes in streets, alleys, vacant lots, etc. 

The widespread use of rat traps Is an important adj’unct to other 
suiiprossive measures. The snap trap is the most generally effective 
hut is not desirable where there Is danger to poultry, pets and chil- 
dren. The cage trap is useful in the latter instances and where it 
is desirable to catch the rats alive. 

Rat poisons arc us«l where the rat population vs large and dis- 
persed as in ficld.s and plantations and in communities where rat- 
proofing is impractical or too expensive. The most common in- 
greilicnt is arsenic. White arsenic may he incorporatefl in any 
food as a paste or powder but must Iw in a strength of not less than 
]() per rent. A favorite methml at present is to cover wheat or 
otlicr grain with a thin layer of cocoatiut oil (1 pint of oil to 100 
pounds of grain) and then to powder the grain with white arsenic. 
Sufficient arsenic adheres to the grain so that 4 to 5 grams of the 
grain will be fatal to a large rat. It is convenient to put the grain 
in the center of a square piece of paper about 4 inches on a side and 
after folding it to twist the ends and make it into a "torpedo.” 
These torpedos are then spread at desire<l locations about the field 
or domestic premises. 

Thallium sulphate ts used iu a similar way hut the torpedos must 
contain about 10 grams of the thallium paste-wheat mixture. 
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Phosphorus and strychnine are no more effective than arsenic 
and they should not be used because of their danger to man. 

llodents other than rats may be so prevalent in a community 
as to be an actual source of disease such as plague, tularemia, Rocky 
Mountain spotted fever and endemic typhus. They arc represented 
by various species of field mice, ground squirrels, chipmunks, susliks, 
jerboas, tarbagans and gerbilles. Shooting, trapping and poisoning 
may be necessary to keep them under control or exterminate them 
if measures fail which are designed to disturb their food supply or 
interfere with their natural habitat such as thinning-out or burning- 
over fields and underbrush. 

Wild Game Control.— The limitation of ivild game animals to 
reservations tends to reduce the contacts between the sources of 
infection and domestic animals and man. Packs of wolves and foxes 
may disseminate rabies among domestic dogs so that anj effort to 
keep these wild animals away from human habitations may be 
an important factor in preventing rabies in isolated communities. 
Bears, deer, antelope, wild goats, and sheep act as hosts to the 
rickettsia of Rocky Mountain spotted fever and they should be 
eliminated from regions fre<|uented bj man where this infectious 
disease e.xists. In a similar way the wild animals of tropical Africa 
act as reservoirs of the tr\-panosomc of sleeping sickness. Their 
elimination from regions where the tsetse lly is also present w’oulcl 
appear to be advisable If the fly is a common pest in the villages of 
the district. 

Miscellaneous Wild Animal Sources.— Tlicse need only be men- 
tioned to indicate the desirability of their e.xtermination or limita- 
tion if they are proven in each particular locality to be a source of 
infection: The bat as a reservoir of rabies virus; badgers and wood- 
chucks and Rocky Mountain spotted fever virus; muskrats and 
Pasteurella iularensu; field mice and the rickettsia of Tsutsugamushi 
fever; weasels an<l UorcUia viinxi-i; jackals and hyenas, and rabies; 
grouse and tularemia; armadillo, bat and opossum, and Try- 
ixinosoina cruzi; the mink and marten, and Cloiwrchis ainensh; the 
rabbit and Pasfetirella ttilarensia and Kcfimocotcua gnimihsus. 

In each instance not only the presence of infection in these ani- 
mals must be considered but also the opportunity for communica- 
tion of the disease to man. C)ther%vise the measures would lead 
to wanton destruction for no good purposes. 

Because many of the causative agents in the animals depend on 
other vectors such as ticks, fleas, flies and bugs for their trans- 
mission to man positive knowledge that the vectors also exist must 
be determined before any broad destructive measures are under- 
taken. This again is a matter of concern only to the community 
involved. It must also be borne in mind that a more effectual reduc- 
tion of the possibility of man becoming infected from tliese sources 
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iiuj" be olitaiuecl In some instauecb liv <x:Htoring the attention on tins 
extermination of tlie arthropod hosts. 

CONTROL OP INVERTEBRATE HOSTS. 

Fish, ousters, shell fish and crabs have been discussed in the 
section on control of the fo<xi supply. Certain species of these 
invertcl)rate.s which are not used as food act as liosts to organisms 
pathogenic to roan. Snails, In particular, are essential liosts for the 
scliistosomes, Fasciola hejtalica, Fascioloifsis busLi, and Iletervpliycs 
hekTophyea, 

In the regions w here these fluke infcctujns ate prevalent and fairly 
well delimited and the actual habitat of the responsible snails is 
known the molhiscan hosts may be greatly reduced in number by 
the applicaticm of unslakecl Ume along the borders of ditches and 
canals. 

These snnih also live oub where there arc grasses and vegetation 
so that denuding the hanlj of infectctl water courses should help 
to eliminate them. Sewage and human excreta are excellent food 
sources for the fiuke'bearing snails. For this reason attempts should 
he made to prevent tUrect contamination of water by night-soil. 
Drainage will be inelTectHal in preventing propagation of snails 
which can resist considerable depri\ation of water so that this 
method is impractical. Chemical disinfection of the water is 
impossible. 

PROTECTION BY CONTROL OP ANIMAL BY-PRODUCTS. 

Various products of infcctcxi animals arc capable of carrying 
disease agents through a mimlier of processes by which thej' are 
prepared for trade. Workers who handle the crude product.s and 
consumers who Use the finished articles may therefore come in 
contact with tlicse agents and contract disease from them. 

The Health Authority of every immunity is cliarged with the 
responsibility of preventing the importation of animal products 
wiiich maj' be infective. 'Die greatest dangers in international 
trade come from animaH infettetl with anthrax or foot-and-mouth 
disease. Port and frontier authoriti^ are therefore required to 
set up rigid regulations whereby products imported from areas in 
which either of these ^liseases coasts are refused atlmission or sul>- 
jected to metliod-s of disinfection before entry so as to render them 
innocuous. 

The United States Department of Agriculture* lists the following 
animal by-products subject to regulations for entry into the Uniteil 
States: hides and skins; wool, hair and bristles; glue stock (dried 
blood or blood albumin, fieshinj^, hUle cuttings, parings, tendons or 
' l/. S. Dept Agn. B. A. I. Order 341 
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other parts of animal products); bone meal; blood meal; meat meal 
or tankage; bones, horns and hoofs; animal stomachs; glands, ox-gall 
and like materials; fertilizers; animal manure; cloth and burlap 
meat covers; hay, straw and chaff. In each particular instance the 
sanitarj’ regulations designate that the product must be certified 
as having come from a region free from anthrax, and/or foot-and- 
mouth disease, and/or rinderpest. In the event that no such 
certification can be made or is not presented the product must then 
have been subjected to some process of disinfection before shipment 
or at the port of entry before it can be passed. 

The disinfection processes required arc as follows: 

Pulled hair, wool, or bristles, by immersion in lime. (Chloride 
of lime with 30 per cent available chlorine.) Scoured ool or mohair 
is admissible if it is shown to have reached the stage of preparation 
for immediate manufacture info yarn, textiles, and other finished 
products. 

Glue stock by treatment with heat 165° F. (73.9° C.); acidulation 
by mineral acid; or immersion in chloride of lime. 

Hides and skins: pickling in a solution of salt containing mineral 
acid; treatment with lime so as to haAe become dehaired and ready 
for immediate manufacture into rawhide products. 

Bones, horns and hoofs: by drying and cleaning so that they are 
free from pieces of liide, flesh and sinew's; heat or other disinfectants 
to be designated by the port authorities. 

Glands, ox-gall and like materials: heating at 165° F. (73.9® C.). 

Fertilizers: heating at 165° F. (73.9° C.). 

Bone meal, blood meal, blo^ albumin: heating at 165° F. 
(73.9° C.). 

Animal by-products for use as animal food: heating at 103° F. 
(73.9° C.). 

Hay, straw and chaff: by subjecting it in a loosely packed state 
in tight compartments to the action of li\e steam, maintaining in 
all parts of the compartment a temperature of not less than 185° F. 
(85° C.) for a perio<l of at least ten minutes. 

The regulations require in addition that all ships, cars or other 
vehicles and yards and premises in which restricted articles have 
been handled shall be cleared of all rubbish and litter, which shall 
be burned, and then disinfected with either chloride of lime, saponi- 
fied cresol solution (50 per cent cresol), or liquified carbolic acid at 
a dilution of at least 6 fluid ounee.s to 1 gallon of water. 

Within the community persons engaged in various activities come 
in contact w ith infected aniinaN or their products. Ilunters expose 
themselves to infection with PasieiireUa tularense by handling the 
pelts of rabbits, squirrels, and other rodents and by contaminat- 
ing their hands with the meat, blood and other discharges from 
these animals. Farmers, dairjTnen and veterinarians may acquire 
33 
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uiululant fever from contact witli live nninials itilfiTing from con- 
tagions abortion and they may also contract streptococcic infections 
from infected udders; Ih e-stock handlers may also acquire antlirav, 
foot-and-mouth disease and llift Valley fever from sick animals. 
Sausage makers have been knoaTi to contract brucella infection, 
streptococcus and anaerobic infections and tularemia from handling 
infected pork meat. Tliere are many instances of anthrax reported 
as having occurred from the use of infected shaving brushes and 
furs, and CfMtndium idnni has l)ccn carried by surgical suture 
material and therapeutic biolo^pc products. 

Although the major part of prevention in thc>‘C {nstanies must 
rest on personal prophylaxis, general sanitary measures should be 
instituted against many of them. While regulations governing the 
operation of slaughter houses and ports of trade will greatly reduce 
the possibility of infected animal products gaining entrance to the 
manufacturing processes the owners of the industrial plants should 
he required by law to nrUierc to tUoir own sanitary regukstions and 
submit their premises and products to periodic iiaspection. Cer- 
tification of tlie purity of the products might be required in some 
instances, particularly in the ctiMj of biological^. 'ITic industrial 
owners should be cxpecte<l to inaugurate a campaign of education 
among the cmploj ecs in orrler that they may Iw aware of the hazards 
and participate in prevention. The Workmen's Compensation Act 
indirectly aids in this way. 

Hunters and trappers should he made aware of the dangers of 
handling wild game known to be potential sources of infection. 
This might readily be accomplished by distribviting informative 
literature w’ith hunting and trapping licenses. 

Farmers, dairymen and all dealers with live stock must be made 
aware of the dangers inherent in their occupation. Health depart- 
ments should circularize these workers with instructive pamphlets 
and this should lie augmented by advke from sanitarj’ inspectors 
and vetcrin.irians. 

PROTECTION BY CONTROL OF ARTHROPOD HOSTS. 

The defense against disease by control of insect ho.sts rests on 
three principles: (1) The use of poisons, deterrents and mechanical 
barriers; (2) changing the insect's environment or habitat; (3) the 
control of animals which act as hosts to ectoparasites. "Which one 
or more of these methods will be used against a partievdar insect is a 
matter of economic and practical expediency. For example it may 
be entirely impossible in a given area to drain all breeding places 
of mosquitoes but it is reasonable to assume that all living quarters 
will be screened. 

With the exception of the tat flea aiwl the yellow fever mosquito. 
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insect carriers of disease agents ore endemic problems, that is, they 
breed and convey disease witliin narrow limits and are seldom a 
matter of concern at the borders of the comnuinitj’. 

Control of the rat flea is aceomplishal in part by rat control 
(see page 541). Nevertheless, more complete eradication is neces- 
sarj’ wlien nn\' of the flea-bome diseases are prevalent in a com- 
munity and when these exist in areas from which immigrants are 
being received on common carriers. The most eft’cctive method of 
control in such instances is fumigation. It is applicable in all spaces 
which can be made airtight such as the holds of ships, the interiors 
of railway cars, warehouses, public meeting places and individual 
rooms in institutions and households. 

The fumigant of choice is hydrocyanic acid gas. The space to be 
fumigated must have all openings such ns hatches, doors and 
w’indows closetl and sealed with adhesive paper except for a single 
opening through which the operator makes his escape. Chests, 
drawers, cupboards, closets and recesses of all kinds should be 
opened and made accessible to the gas. The simplest raetliofl by 
which the gas may be generated is to place 15 ounces of sulphuric 
acid in 22.5 ounces of water for every 1000 cu. ft. of space in an earth- 
enware container at a convenient place in the enclosure. l\lien 
all is ready the operator drops 10 ounces of potassium cyanid into 
the diluted acid and immediately makes his escape and seals the 
exit after him on the outside. A mechanical tripping device to 
dump the cyanid may be erected over the acid container which will 
permit the operator to release the gas while he himself is outside 
the enclosure. In the above proportions per 1000 cu. ft. of space 
all fleas (and rodents) will be destroye^l in tw o hours. 

Commercial preparations of liquid hydrocyanic acid absorbed 
in ch'atomaceous earth (Zy'kion-B) or wood pulp discs (HCN Dis- 
coids) are also available and convenient to use. Cylinders of liquid 
hydrocyanic acid equipped with spraying nozzles are also used. 

Under all conditions depending on the use of IICX gas extreme 
care must be taken to prevent human poisoning. In spaces which 
can be readily ventilated all apertures should be thrown open wide 
after fumigation and no one allowed to enter until it has been 
fleclared safe by the admission of test animals or until mercuric 
chloride-methyl orange test papers no longer show a change from 
orange to deep pink. If natural ventilation is not eifective, blow 
fans should be resorted to to clean out the fumes. 

Additional safety’ to humans may be gained by the addition of a 
non-to.xic gas to the cyanic! mixture, which will be repulsive to the 
extent of becoming unbearable to any'one entering the enclosure 
until the hydrocyanic acid has has bwn removed to a harmless 
amount. 
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Tlie most hifilily rccominendwl although not entirely satisfactory 
expulsive gas is cyanogen chloride. It must he used in the pro- 
portion of not less than 30 per cent of tlie mixture. 

Chloropicrin is used but is unsatisfactory because it separates 
too readily and the tear effect may persist after tlie room is cleared 
of IICM. This interferes with after-clearing of tlie room. 

Sulpliur dioxide is an effective fumigant but Jess desirable be- 
cause of its damage to fabrics and metals. The gas is generated by 
igniting sulphur sticks or a pile of flowers of sulpliur (2 pounds per 
1000 cu. ft. of space) in an iron receptacle standing in a water bath. 
'Die enclosure must be sealed as in the use of IICN gas. It requires 
from two to twelve hours to destroy rodents and vermin by this 
method. 

The smoke and vapors from burning pyrethrum powders act 
as stupefying agents but do not kill insects. After fumigation 
the inactive insects which have fallen to the floor or remained in 
clotlung ma> be swept or sliakcn out and disposed of by burning or 
the use of insecticides. 

Fumigation is effective against fleas, flies, roaches, lice and 
mosquitoes ami is therefore applicable in destroying these vermin 
under nil conditions where thej exist in closed spaces. 

Mechanical liarriers to flying insects are general measures ap- 
plicable against several st»ocies of arthropod vectors. 

These frec-(I.\ing insec-ts arise m tlicir own particular habitats 
where they may be met by man as he moves among them or tlvey 
invade his dwelliog places in response to environmental stimuli 
associated with the search for food or favorable combinations of 
light or darkness and humiditj. or for protection from wind and 
rain. They eventually affect man as they alight on him and obtain 
a blood meal. 

The tj^ie of mechanical barrier to be erected will depend on the 
circumstances under whidi man and the insect are brought together. 
Onlinary clothing is effectual in keeping off mosquitoes and sand- 
flies if it is coarse and loosely fitting but the proboscis of the 
mosquito has no difficulty in penetrating thin, tight fitted articles 
hiicli as stockings. Under conditions where mosquito- and sand-fly- 
borne diseases are prevalent, the traveller should protect himself 
still further by the use of high boots or leggings and under excep- 
tional conditions by gloves and a head not. The latter should hang 
free from the brim of a wide hat and be tucked in or gathered across 
the shoulders. It should not come in contact with the skin at any 
point. 

Whenever practical all houses in mosquito- and fly-infested dis- 
tricts should be screened at all times and in most communities at 
least during the late spring, summer, and early fall months. Ade- 
quate screening depends on good building construction. If it is 
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assumed that all normal openings such as doors, windows and vents 
are to be screened tliere should be no unprotected cracks between 
boardings, wall joints, caves and basement openings. Should these 
exist the faults must be corrected by closing them permanently, 
or if they cannot be closed, they should be screenetl. 

Cloth netting in windows and doors is highly undesirable for 
several reasons. In the first place it is readily torn and deteriorated 
by the weather. Secondly, the meshes fill up with lint which inter- 
fers with the circulation of air through it. 

Rustless wire screening is best. For protection against mosquitoes 
and flies a mesh of 10 to 18 to the inch is sufficient, but for .sand- 
flies and gnats it must be as small as 20 to 24. The screen should be 
permanently attached to a friiroework separate from that of the out- 
let but it should be remox-able or able to be swung outirard for 
cleaning purposes. It should of t-ourse fit the aperture tightly all 
around and be weather stripped if necessary. Screen doors should 
open outward, practical, double screen doors with a I'esti- 

bule between them are a<lvisable. 

All sleeping porches and galleries should be screened if thej are 
to be used for any purpose after nightfall. Because many of the 
mosquitoes are night fliers all windows and doors should be closed 
in the late afternoon before the insects have begun to fly. 

Collapsible screen rooms, which can be transported and erected 
at suitable spots in construction camps, field laboratories, etc., are 
convenient protections to workers who must sleep in the open. 

A modern sophistication is to charge metal screens with low 
voltage electric currents in order to destroy ns well as bar, all flying 
insects that come in contact with them. 

When for any reason, screening of houses and rooms is impractical, 
as it is in most native huts in the tropics, it is necessary to resort to 
the use of mosquito bars or nets over the beds. These are generally 
made of cotton netting suspended from extensions of the bed posts 
to a height of several feet, or hung from any convenient structure 
above the bed. The netting must hang completely around the bed 
and preferably be tucked under the mattress. I^Tiere there is no 
danger from vermin on the floor, the lower edges of the net may be 
w’eighted with rope or smnJJ chain and allowed to rest on tJie fioor- 
Entrance is gained into such a net by raising the edge over the head 
or through a slit-door-like effect on one side made by cutting the net 
and having the cut sides overlap for at least 3 feet. In the use of all 
nets and bars the user must make sure after he is inside that he has 
left no openings. iNIosquito bars must be kept in good repair for it is 
not uncommon to find tears in the comers where tapes have been 
sewed on for tying up the net. 

In institutions such as hospitals and in some private homes it is 
possible to erect permanent wire screen-rooms over the beds. It 
sboulfl be routine to drop all mosquito bars before dark. 
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Portable i)ars shoukl be used by all travellers in Jiialarial and 
yellow fever <iiatricts who go ciuss-couiitry where no rest Iiousc 
facilities exist. 

The scrccuing of railway coacliea and other veluclea in which 
passengers travel at night is as essential as w’ith any sleeping 
quarters. 

In the daytime, all screened loonvj, porches and conveyances must 
be thoroughly aired and a search made for mosquitoes whicli might 
have gained entranee to them, and the mosquitoes destroyed. 

Electric fans and punkahs mechanically blow mosquitoes away 
and are useful for those who wish to sit oround out of doors in the 
evening. Additional protection may be gained by the use of canvas 
stockings or boots drawn up over the trouser legs or liigh up he- 
neath the skirt. Or the legs and feet may be placed in a sac which 
pulls over the trousers or skirt to well above the knees and is held in 
place across the lap bj’ a tlraw-strlng. 

The insecticides and methods by which the environment is made 
unfavorable to insects vaiy widely with the insects concerned. 
Because they must be dealt with individually and are in general 
inapplicable against wide groups of inse<-ts. they will l)e considered 
under each particular tv pe of insect host. 

Mosquitoes.— Reference to the habitats of the various tjTies of 
mosquitoes reveals that the methods of control against one type may 
Ive ineffectual against anotber. 

Anopheles is a natural water breeder, favoring streams, bayous, 
ponds, lakes and ditclics in which water plants are growing. They 
also develop m the hollows of tree stumps and the recesses of canes, 
palms and fiber plants. Seldom travels more than 100 yards away 
from its breeding place. 

Aeiles is a domestic mosquito wbicli prefers to breed in still water. 
It selects standing, clean water in tubs, tin cans, buckets, bottles, 
shells, tree-lioles, clear water drains and quiet rock-pools. One 
species, A . solUcais breeds in salt marshes. May travel a few miles. 

Cniex is a dirty water breeiler and deposits its eggs in gutters, 
<lrains, ditches, sewage outflows, dirty receptacles and stagnant 
pools. Found mostly around human habitations but may also 
breed at far distances from Ibem. 

Anopheles moscpiiio Ciinirol is primarily one of draining natural 
waters when this is practicable, or treatment ol the water to mnhe it 
unfavorable for the growth of the larvje. The first should be directed 
against all unnecessary accumulaticms of water within the com- 
munity and in a radius of a few miles surrounding it. These shoulil 
be completely drained and filled w'henever possible. If foranyre.sson 
it is not practical to go to tliis extent the natural outlet should he 
made more effective by deepening or straightening the channel. 
TOieii this is done the drain must be kept free of vegetation along 
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its borders and no standing pools must be permitted to remain at 
low \\ater. All borrow pits must be filled in after construction 
work of any kind. Subsoil drainage eliminates the possibility of 
creating new breeding places and is the method of choice. 

Trees around habitations may be made inaccessible for breeding 
by efficient pruning so that there will be no accumulation of water 
anywhere in them. The same applies to the thinning of vegetation 
around houses. 

Aedes mosquito control is largely a matter of preventing this 
mosquito from breeding in domestic containers. The proper dis^ 
posal of tin cans and bottles, and care of waste heaps to prevent 
accumulations of water in them, ami attention to gutters, drains, 
cisterns, wells, pools and tree-holes wdll aid greatli’ in reducing the 
prevalence of this mosquito locally. It must be remembered that 
aedes may develop in flower pots and other water containers inside 
of screened houses if a female aedes happens to gain admission to the 
house or its eggs are carried in in water. 

Ctilex mosquito control is accomplished by eliminating breeding 
places which are made in great part by man for drainage and sewage 
purposes. All outflows from kitchens, washhouses, pumps, septic 
tanks and cesspools should be through subsoil drains, ^\'hen this is 
impossible the drains and ditches should be smooth and free from 
standing water at any time, and kept cleared of vegetation. The 
grade should be such as to insure a rapid flow. 

The use of an oil film on water which prevents surface living 
larva* (anopheles) from using their siphons and aUo acts as a poison, 
is. to be looked upon as a method of control supplemental to filling 
and draining or to be used when these larger methods are im- 
practical. 

The oil of choice should be light and dispersable over the surface 
of the water. Crude oil distillates meet these requirements as do 
coal oil alone or crude oil and kerosene in the proportion of 3 to 1. 
It may be spra>ed over the water from a knapsack spray or a com- 
pression spray carried in a boat. The oil must reach the edges of the 
body of water where the mosquitoes breed and must be used in 
.sufficient amount to make a continuous film on the water. If the 
water surface is subject to winds oiling must be frequent in order 
to keep the film intact. 

Tile old drip-barrel nietluKl is least economic under most circum- 
stances and is only applicable over narrow streams with a not too 
rapid flow. It is difficult to regulate the rate of drip required to 
feed the oil on the w’ater in such a way as to keep up a constant film 
under changing conditions in the stream. 

Paris green is the most effective Iar\’icide an(i is adaptable for 
use on bodies of water too large for the use of the oil film or too 
thick with vegetation for oil to be effectively applied. 
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Paris preen is insoluble and docs not nfTect tlic potabilitj of tbe 
water. It is used in the aujouiit of 10 praiiis of Paris green to each 
(X) square meters of \\attT surface to be treated. Tlie amount is 
then diluted \s ith 100 tinK*s its IwUk of fim*, sifted d\ist . The mixture 
is sprayed by liand, throwing it into the air on tlic windward side 
of the body of water. ‘Hje insoluble film settles and spreads by 
surface tension over the water surface and acts as a poison to lan'.'E 
feeding at the top. It is ineffectual against culex larvie because 
tliey are under-surfnee feeders. 

Cvlex larv® in stagnant drains and impounded puddle.s of dirty 
water can be killed by dropping a lump of carbide into the water. 
It is far less trouble to clear up tlie pools once and for all than to 
have to resort repeatedly to chemical methods such as this. 

Surface feeding minnows (f»amlrt»io spp, and others listed on 
page 432) are natural enemies of mosquitoes because they feed on 
larv®. They should be encouraged to grow in hodie.s of water where 
they maj be found, but can be planted in artificial waters such as 
reservoirs, ornamental lakes and ponds, fountains and even small 
water containers such as cisterns, water-plant aquariums and the like. 
Top minnows indigenous to the locality generally thrive better than 
imported types. It is important to make tlic margins of the bodies 
of the water accessible to the fish bv clearing out all unnecessary 
vegetation and floating debris. 

Because Aedes breeds mostly in water in small containers the 
fish to be used to control this type of mosquito must be adaptable 
to a confined e.xistence. 'fbe clialaco (Dornnfaior lati/rriiu) and the 
life (Pygidium yhira of Peru) have been found to be efl‘eeti%e in tius 
way in jellow fever contnd (Connor). 

hlosquito control in general involves broad communitj’ programs 
and individual efforts. It must always be carrieil on, on any 
extensive scale, in the most economic and at the same time, most 
effectual way. Large sums of money must be expended in any 
satisfactory program which depends on filling and draining, not 
only because of tlie initial expense of labor and material, but be- 
cause allowance must be made for property rights and the project 
must be maintained. No drains and ditches will remain larva-free 
over a length of time unless tliej are carefully tended. \'egetation 
must be kept down, pools and eddies prevented, and the margins 
kept clear. It is often necessary to vary the level of the water from 
time to time in lakes and reservoirs in onJer to disturb eggs and 
lar\’® from their adaptation to tbe changetl conditions along the 
shore-line. 

Individual efforts need involve little expense and may be no 
more than good housekeeping on tl»e premises. The cumulative 
effect of many indivkliial efforts will frequently be more effective 
than misdirected efforts of overenthusiastic public liealth idealists. 
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Individuals can protect themselves from the bites of mosquitoes 
to a limited degree by anointing exposed parts with some odorous 
material dissolved in oil which is repellent to mosquitoes. Tiiose 
substances most commonly emploj’^ are cltroneJla, pennyroyal, 
eucalyptol, camphor, peppermint, menthol, cinnamon oil and 
creosote. The oil base is frequently cocoanut oil or some other bland, 
non-irritating vegetable oil which will not become rancid. The 
method is of value only for sliort periods as its effect soon wears 
off as the oil disappears and the volatile substances evaporate. It 
is never completely reliable at best. 

In the tropics it is not uncommon to burn some form of incense 
powder in ^^hich pyrethrum has been incorporated ns a general 
repellent. Its use is directed against mosquitoes which tend to 
accumulate beneath tables, chairs, etc., in closed rooms. Like 
other repellents, this method is only partially effective and should 
not be relied upon further than as a nuisance control. 

Heas.— The control of the rat flea rests largely on the control of 
the rat (see Rodent control, page 541). 

Man’s direct contact with fleas results from infestation of his 
living quarters with fleas brought in on rats or animal pets or by 
handling animal hosts when hunting and skinning game, examining 
rats, tarbagans, jerboas, squirrels and other rodents for infected 
fleas or signs of epizootic plague, and from frequenting grounds and 
property on which these animals have tljeir nests or burrows. 

The flea does not remain permanently on its host nor ore its eggs 
attached to the hairs among which they are laid. Instead, both the 
adults and eggs drop off to the ground or floor. Breeding and 
metamorphosis take place in cracks and crevices of floors in the 
nests and burrows of their host animals. The eradication of these 
pest spots therefore constitutes one of the best efforts to eliminate 
future generations of fleas. Particularly, this should be done arounil 
homes and their outliouses. Kerosene poured into such nests will 
destroy all developmental stages. Fleas in the dirt of animal runs, 
dog kennels, and bare compoumis may be kept down by spraying 
with heavy brine. Strong sunlight and dry ground are inimical to 
the growth of pupse and larvje. Wthin the house, powdererl 
napthalene spread lightly over the floor in a closed room and 
allowetl to remain over night will kill the fleas in the carpets and 
crevices of the floor. Solutions of formaldehj de, carbolic .acid, and 
bichloride of mercury, and infusions of tobacco are effective pulicides 
against the adult flea. 

Those who handle infestecl hosts should use extreme personal 
precautions in regions where flea-home diseases are endemic or 
epidemic. The hands and neck should he covered during times of 
epidemic when examining rats for plague fleas. 

Ether and chloroform sprayed on the animals before they are 
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removed from coiitaniers wll stupefy tlie fleas wlileli can later be 
combed out and Itandled without danger. Only an excess of these 
anesthetics will actually hill the flea. 

Patients with plague and typhus should be completeI,\' protected 
from fleas by enclosing them within a fine mesh netting with a 
mesh not larger than 20 to 24 to the inch. 

Aromatic oils applied to the body are flea repellents but arc 
unreliable for safe prophj laxia against flea-borne diseases. 

Lice.— The liuman body and head lice pass their entire life cycle 
on the body and clothing of man; the ftwrocr largely in his clothing 
and the latter on the hair. For lids reason defensive methwls 
against them must involve not only the removal of the parasites 
from infected individuals who can pass them on to other hosts hut 
the sterilization of the clothing on which they can be carried. 

The body louse is readily removed by.a hot bath w'ith soap and 
water, but the head louse being among the long hairs of the body 
and its eggs attaclicd to them requires more heroic methods. TJie 
nits may be killed along w ith the a<liilt3 by .soaking the hair with a 
mixture of equal pacts of kerosene and olive oil and allowing it tn 
remain for twenty-four hours. At the end of that time the hair is 
washed with weak vinegar, which loosens the nits, anti enables them 
to be removed with a fine comb. When the hair is excessively 
matted it might be necessary to cut much of it off. 

C’lothiiig is most effcctiveb dclou3C<l by heat, 

Individual clotliing is rcailily dcloused by bt)ilmg for even a few 
minutes or if this is harmful to the clothes by immersion in water at 
158° F. (70® C.) for thirty minutes. Hot ironing along the seams 
will often be sufficient to kill the young fonns in lightly infc-sted 
clothing but this method is not applicable on a large scale. 

Widespread dissemination of lice under domestic conditions is 
largely prevented by the general laundry. The ordinary processes 
of the steam laundry will kill all stages of clothes lice. 

In the army, w'ork camps, expeditions, etc., wholesale dclotising 
is done with portable steam sterilizers or variom improvised forms 
of apparatus which use steam, hot water, chemicals or fumigants. 
The Serbian barrel is a steam process by which a fire is built under 
a metal boiler with a perforate*! bottom ami a lid. The clothing is 
placed in tlie barred and subjected to the steam rising tlirougb it from 
tlie barrel for a period of one iionr. I.eatlierand rubber are destrox ed 
by this process and slioiild not lx* Used in it. Hot-w.-vter sterilization 
is carried out b.\ iimiiersion in hot water in largo metal water 
heaters. 

Chemical dclousing is most effectively done with kerosene but 
it is ton expensive on a large scale. 

Fumigation is effective in killing all stages of lice cxi-ept the nits. 
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It must be followed therefore by one of the other processes in order 
to insure complete delousing. 

The common fumigants are Ijydrocj'anic acid gas, carbon bisul- 
phide and eliloropicrin. The first is dangerous to human life and 
must be used with caution in tightly enclosed chambers. It is used 
in this way to remove lice from clothing in storage. The gas must 
be able to penetrate all parts of the clothing. This is accomplished 
by spreading it out on racks or hanging it on hooks or hy forcing 
the gas into the chamber by vacuum. Precautions must be taken 
against poisoning after opening the chamber by allowing long and 
effective airing. 

Carbon bisulphide is explosive and is to be used with caution. 
It is used by placing 1 pound of the chemical for each 100 cubic feet 
of the space in a container high up near the top of the enclosure. 
As it evaporates the heavy gas percolates downward among the 
clotliing. Exposure to the gas U continued for ten to twelve hours. 

Chloropicrin is introduce into the delousing chambers in the 
amounts of 4 ce. per cubic feet of space and allowed to act for thirty 
minutes. 

Personal prophj laxis is an essential part of louse control. Fre- 
quent bathing and cleanliness of body and clothing will prevent 
all but temporary accidental infestation. When conditions make 
this degree of precaution difficult to attain routine sterilization of 
clothing must be resorte<l to. 

Flies.— The common house-fly is a manure and offal breeder. 

Control of these vectors of pathogenic organisms is primarily 
one of community sanitation in general. The open sewer affords 
innumerable opportunities for the house-tly to undergo its complete 
life cycle without disturbance. Hie adult female deposits the eggs 
in the exposed excreta or garbage. In about n week the maggots 
leave this material and enter the ground where they pass through 
the pupa stage and emerge as adult flies in a few days. Any unsani- 
tary conditions of waste and excreta disposal tlierefore act as 
breeding places. Manure piles, unprotected privies, domestic 
animal pens, garbage cans and garbage heaps, open drains, stag- 
nant street gutters w’fth street sweepings accumulatetl in them, open, 
unprotected markets and meat stalls, and the waste heaps from 
kitchens and industrial houses which use animal tissues are the 
common sources to whicli to turn in a search for the place of origin 
of fly pests. 

The control of these factors has already been discussed under 
general community sanitation measures. In addition, individual 
efforts may eliminate many breeding spots. All garbage cans should 
have fly-proof covers and no offal or rubbish should be permitted 
to remain in the open, at least for more than a few days at a time. 
Manure heaps should be enelo'wxl as far as practical witliin screened 
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enclosures or in bins. If ibis cannot be (lone tbe pile may be burnt 
over by scattcrinp pjipers on top of it, igiiitiiiK tlictn, and thus 
any rgga wliich are already |>ri*scnt anti making the sur- 
face of the manure-pile unattracth'e for fnrtlier oviposition. 

Chemical treatment is likely to Ire too expensive for continued 
use. The most efl'eetive material is liellebore. One-half pound of 
powdered hellebore to 10 gallons of water for each 8 bushels of 
manure is poured over the surface of the manure pile. (Boyd). 

As it is practically impossible to eliminate house-flies completely 
it is necessary to obstruct their entrance into buildings by tbe use of 
screens. This is essential wherever f«o<l products are being handled 
and includes markets, groceries, meat stalls, restaurants anil private 
households. Food materials expose*! for sale must always remain 
\inder some fly-prtmf c<ivcr of glass or tuice-scrccning. The sanitary 
code should include this necessary provision. 

Even with effective screening some flies usually gain entrance 
indoors through doors and window.s as thej are opened and shut. 
Tliese can be eliminated rea<lily by fly swatters, poi'«on nnri fly 
paper. 

Flies are a particular menace in private households where there is 
sickness due to organisms of the intestinal groups, t>phoi(l, dysen- 
terj’, enteritis. ^Iot(culous attention under these conditions must 
be given to disposal of excreta and left-over foods, and the cleanli- 
ne.ss of bed linens and bed-clothes. A constant vigilance is required 
to kill immediately all flies which get into the sick-room. 

The home kitchen under all condith)ns should be protected from 
flies, and food stiiH's, milk bottles and soiled utensils should not be 
permitted to stand arouiid to be contaminated by di‘«ase-spreadlng 
flies. 

Many of the myiasis-proihicing flie.s arc carrion breeders and their 
elimination depends on the quick removal of all animal carcasses 
ami animal wastes. Dead dogs, cats, rats am! larger animals should 
be quickly disposed of by burial or incineration. Thej’ should not 
be carried away and dumped elsewhere as this only transfers the 
nuisance to another neighijorhood. Those flie.s which breed on the 
hairs of living animals can be kept down by cleanliness of the ani- 
mals. Cows, sheep and horses ought not to be neglected entirely 
but shoulfl be subject to frequent bathing or cleaning of some sort. 

The defense against the tsetse fly rests largely on protection from 
its bite by adequate screening and Uie use of head nets in heavily 
infected districts. The fly is on the wing mostly at mid-day so 
precautions are especially necessary at this time, a fact to be noted 
particularly by those whose work carries them into the bush. 

Some degree of control over the tsetse fly may be gained by noting 
their breeding places which are not often more than 100 yards from 
where the fly is encountered, and then clearing out tlie unilerbrush 
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at that place. Few flies will cross a hare clearing around a village 
over 100 yards or more in width unless they are carried over by 
man or animals. Flooding of breeding grounds Mill prevent the 
female from depositing her e^ at the most favorable spots at tlie 
bases of small shrubs and trees. Glossma palpalis which breeds 
near water margins ma\ be consklerably reducetl by combining 
denudation of the margins of streams and rivers for a distanc-e inland 
of some 50 yards with clearing out of the batiks and straightening of 
the water courses. 

Bed-bugs.— These insects are domestic breeders and can only 
adequately be attacked by household cleanliness. Repeated washing 
of furniture with soap and water, giving particular attention to 
cracks and crevices, prevent the deposit of eggs in these places 
and remove eggs and immature forms. The floor should be washed 
frequently ^ith soap atid water and treated after each washing 
with an oil drench. Kerosene, turpentine and scalding w ater poured 
into floor cracks will kill eggs and nymphs. In heavily infested 
rooms it may be necessary to remove loose floor boards anJ wains- 
coating in order to get the oil to the nests. All stages of bed-bugs 
can be killed by cyanide gas used in concentrations four or five 
times that used for rats (see pages 141, 541, 547). 

Bed-bugs also must be eliminated from the seams of mattresses, 
sheets and blankets, and from rugs and carpets. Complete steriliza- 
tion of these is best accomplished by steam or hot water or by 
fumigation. 

PjTethrum insect powders will stupef\ immature and adult forms. 
The inactive insects must then be killed by one of the other methods. 

Ticks.— A knowledge of the life history' of the tick reveals a 
number of possible places at which defensive measures might be 
taken against it but some of which would be highly impractical. 
Little can be accomplished for example against the nymph stages in 
the ground, and in many instances it is impossible to attack the 
engorged females and seed ticks which are widely dispersed among 
the grasses and natural shelters on the ground unless the whole 
area can be effectively burned over. 

Some eradication is possible by the extermination of the small 
animal hosts of the seed ticks — ground squirrel, chipmunk, wood- 
chuck, weasel, pine squirrel, field mouse and wood rat. 

The most practical method is tick eradication on the large do- 
mestic animals. These animals pick up the adult tick from the 
pasture lands and forests and carry' them into non-infe':ted lands and 
herds. If these ticks are not destroyctl immediately they will drop 
off and start a new cycle of generations in the previously clean area. 
For this reason, tick eradication is frequently an important com- 
munity problem. Sanitary' regulations are often invoked to prevent 
the transportation of cattle, and sometimes other domestic animals. 
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between comimniities, unless adetiuate eradication measures liavc 
been used and the animals have suijseqiiently been passed by 
inspectors as tick-frcc. 

Tick eradication on the larpe scale mu'*! start with the wild 
animals wliicli should be kept away from nil localities where do- 
mestic animals gray.e. Many of the smaller ones can be trapped or 
shot blit tlie deer, bears, etc., cannot, in most instances, be .<!0 
wantonly destroy ed. If they cannirt be frightened olT, the domestic 
animals must be Iicld in bounds by fences or herders. 

The dome.stic juiinials should be examined frequently for ticks, 
especially between the months of late w’inter and intd-snmnicr. 
IVhen found tlie ticks may be pickoil off by band, collected and 
burned, or when many animals are to be handled, they may be 
ilippeil. A standard arsenical dip consists of sodium carbonate, 
24 pounds, trioxido of arsenic, S pounds, pine tar, 2 gallons and 
w ater to 500 gallons. 

Individual prophylaxis in Infectcil regions is practiml by removing 
all ticks quickly by the use of ammonia, turpentine or Kerosene and 
immediate cauterixation of the bite with tarbolic aciil. Henlers, 
farmers, field workers and Inmtcrs should examine their bodies 
frequently for ticks. Leggings anil high boots arc a protection but 
only if the tongue flap and eyeholes arc scalcil off from the interior 
of the boot. 

The domestic tick which lixcs in beils and floor cracks in native 
huts in the tropics is killed by removing all articles from tlie hut and 
subjecting them to strong (Hsinfecting solutions or scalding water. 
The interior of the hut shouhl be cleaned in the usual way. All 
old mattings and unnecessary furnishings should be burned. 

Mites.— The common itch mite, S(ircopto.i acahiei, is transmitted 
ilircctly from man to man by contact or through common clothing 
and bed-linen. Prevention of this transmission is a matter of 
eradication of the organisms from the human host hy the use of 
sulphur ointment, the avoidance of contacts with infested humans 
and by sterili/cation of clothing and liwl-linen by boiling. 

The various species of “reil-bug” are so ubitjiiitous as to be 
almost unavoidable. The use of repellent oils and ointments is 
only mildly effective. Water-tight leggings and boots will Keep 
tViem oft iVie Itta ct extrendt les bul H a person sits on iniesled ptovmA 
or walks among grasses and beirj’ bushes containing these mites 
they can readily penetrate open-weave clothing and get in through 
the waist band, collar and buttoned flaps. 

Infestation with grain Hrfi mite {Peiliciiloides tentricosh) and 
kedani mite (7'Tombicrifa akiimiiaki), the mite found in tobacco 
(T. schiijfnni) and palm-oil (T. rfrffensis) plantations, and the 
coolie-itch mite {Rhizoglyphua paraaitieua) are occuiiational diseases 
difficult to avoid, Ilubbing the bands and arms with oil of 
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eucalyptus is said to act as a deterrent. Sterilization of straw by 
steam before it is used by mattress makers may Iielp to prevent 
grain itch. Growing vegetation may be cleared of mites by spraying 
with a mixture of flowers of sulphur in kerosene, creosin or soap 
wash. 

It is obvious that mites should be removed as soon as discovered 
on the skin and their bites touched with a germicide to prevent 
secondary infection. 

PROTECTION BY RESTRICTIONS ON HUMAN HOSTS. 

The interests of the community require the restriction of the 
activities of individuals who carry certain infectious agents insofar 
as they may be disseminators of these agents in the community. 
This involves curtailment of individual rights and requires the force 
of law behind all efforts toward restriction. Jloral obligations may 
enhance the ease with nhtch restrictive measures can be enforced, 
and education will in general l)e a necossarj' accompaniment, but 
these two supplemental forces cannot alone be sufficiently binding 
to be trustworthy. 

Health laws must be reasonable, logical and based on scientific 
knowlerlge. Too often they are founded on misinformation and 
prejudice and in many cases permit dictation and interference by 
special privileges. The extent to which they con be applied is 
necessarily dependent on the general enlightenment of the com- 
munity. For these reasons, education should precede, or at least 
be contemporarj’ with legislation. Tlie show of force can only 
exceed by little the willingness of the comnuinity to ac-cept self- 
imposed restrictions, and so long as this warning is ignored the laws 
will be more frequently broken than complied w ith. 

The particular disease agents which it is desirable to check by 
restriction of carriers are determined by knowledge of the agents 
which might be imported into a community and those which are 
already there and whose spread must be prevented. 

National boundaries and ports of immigration must be guarded 
by national health agencies acting under national laws. Tliese 
agencies recognize certain diseases which must be kept out of tlie 
countrj’ completely or which must be brought to a non-infective 
stage or cured before the individuals suffering from them may be 
admitted. They have gone stUl further in certain specific instances 
by requiring that all individuals who desire admission must first 
be made immune. 

National quarantine in the United States is limitetl under ordinary 
conditions to detention of patients and exposed contacts with small- 
pox, cholera, yellow fever, plague and typhus fever. Patients with 
trachoma and leprosy are not admissible. 
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There are three health ajpjncies concerned in protcctiuj; inter- 
national health. (1) The International Office of I’liblic Ilyjjicne in 
Paris. (2) Foreign Health Iitepection Service. (3) The National 
Piihlic Health Service of the countrj’ concerned. 

Tile International Office of Public Health is a central exchange 
aftencj' which receives communications from the Health Section of 
the LeaKiic of Nations, the Pan-American Sanitary Bureau, the 
Sanitary and Maritime Council of Alexandria, and other nf'cneies, 
on the prevalence of internationally qiiarantinable diseases present 
in the rcRions under their jurisdiction. By this means all govern- 
ments which participate in this world-wide organization can he 
cognizant of tlic health c-onditions in otlier countries from which 
tiiey might anticipate the receipt of immigrants. 

Tile Foreign Inspection Service is an extension of the healtli 
authorities of one country into the consulates and metropolitan 
areas of other countries. Information from these centers supple- 
ments the rejKirts reccis'cd from the larger International Health 
Agencies and the government officials connected with them par- 
ticipate in the inspection and certification of individuals and com- 
mon, carriers leaving for llic country which they represent. 

The National Healtli Serricc is the sanitary branch of a govern- 
ment located at the ports of immigration and which is directly 
responsible for the admission, <lotentioji. or dejiortotion of indi- 
viduals arriving from foreign countries. 

A community having determined what disease conditions it desires 
to prevent by peripheral barriers, and being cognizant of the 
probabilities that individuals with these diseases or who have 
recently been in contact with them, will be brought to it from 
particular areas, sets up a quarantine service to administer its 
regulations. The regulations aim toward three ends: (1) the isolation 
of individuals presenting themselves with diseases which are com- 
municable and inadmissiWe or arc carriers of organisms of these 
<liscases; (2) the quarantine or detention of those who have been 
exposed to a communicable disease for a period of time equal to, 
or longer than, the incubation period of the disease to which tliey 
have been exposed; (3) the unimpeded admission of all eligible 
immigrants who have a clean bill of health insofar as communicable 
and ioadmissiblp disca-ses are enncernerl and have not been e.xposcd 
to such diseases within the periinl of incubation or Ixave received 
preventive immunization against certain diseases witiiin a pre- 
scribed period of time. Tlie “uninipctlcd admission” of the latter 
group should lie the ultimate aim of national quarantine. If the 
provisions governing quarantine anti isolation are carried _ out 
effectively at the port of embarkation, tliere should lie a minimal 
delay, if any, in the admission of most immigrants. Furthermore, 
communicable diseases of the type concerned in international 
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quarantine, are for the most part communicable only under certain 
circumstances and by the aid of additional agents. Thus, tj-phus 
requires fleas, cholera vibrios must gain entrance to food and water, 
yellow fever needs aides mosquitoes. 

If sanitary conditions on ship board and at the port are such as to 
preclude the activity of these necessary adjuncts to the spread of 
disease, the sick patient need only be treatetl as a sick patient and all 
others can be allowed to pass with precautions. This ideal state is 
nearing an accomplished fact in the larger, most thoroughly 
organized ports of the western world. The health authorities at 
these points are so familiar with the great majority of carriers 
coming to them that they are acejuainted with the sanitarj- condi- 
tion of each one of them and know that the passengers and crew 
have been adequately scrutinized and certified as having a clean 
bill of health. By means of radio communication they can calso be 
informed of illness on board the carrier before it arrives at the port 
and so, are able to deal with it safely and expeditiously when it 
comes in. 

Until recently the speed of transoceanic travel has been slow 
enough to occupy more time than the usual incubation period of 
most of the communicable diseases so that if no new cases have 
broken out on the voyage the ship journey itself has acted as a 
period of quarantine. On short trips this has never been so and in 
recent years the time of travel has been so cut down as to make it 
Ineffectual in many instances. The airplane and dirigible have added 
to the hazard by being able to leave one countrj’ in which quar- 
antinable diseases are endemic, jump completely over intervening 
countries to their destination which may long have enjoyed im- 
munity from these diseases because of natural barriers. The 
possibility of the dissemination of yellow fever from western Africa 
to India, the Orient, and the Near East is a case in point. 

National authorities reserve the right to tighten up on their 
restrictions at any time. "WTien n communicable and quarantinable 
disease exists in undue or epidemic proportions in an area from which 
immigrants are ejected, it may be necessary to deny admis.sion to 
anyone from this area for the duration of the emergency. Also if a 
country itself is having an epidemic of a disease such as smallpox, 
for which there is an active immunizing agent, it may require that 
all coming into it be made immune. 

Inland and district quarantine rest on the same principles as 
international quarantine but are generally more flexible. The 
state, province, and miiniciiwlity, like tlie country, must know its 
own communicable disease hazards. Experience may reveal the 
presence of certain infective agents in a community but does not 
give accurate information on prevalence. In order to obtain current 
information on the morbidity rates of these diseases the health 
36 
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aiitliorities usually require the practitioners of me<Iicine to notify 
them of all ea'=.es eoming under their observation. 

The model morbidity law of the United States I’ublic Health 
Service lists the follow ing notifiable communicable diseases: 


Actinomycosis 
Ancylostomiasis 
Antlirax 
Chickenpox 
Cholera, Asiatic 
Bengxie 
D.\’sciitery 
(a) Amebic 
(h) Bacillarj- 
Favus 

German measles 
Glanders 

Gonococcus infection 

Leprosy 

Alalaria 

Measles 

Meningitis 

(a) Epidemic cerebrospinal 

(b) Tuberculous 
Mumps 


Opbtlialmin neonatorum 
I’aragonimiasis 
Paratj-phoid fever 
Plague 

Pneumonia (acute) 

Poliomyelitis (acute infectious) 
Ilabies 

Rocky Mountain Spotted Fever 

Scarlet fever 

Septic sore throat 

Smallpox 

Syphilis 

Tetanus 

Trachojna 

Trichinosis 

Tul)crculosis (all fomib) 
Typhoid fever 


I'ypbus fever 
Yellow fever 

Of recent years and in certain communities the following have 
been added: 

Tularemia Endemic typhus 

Psittacosis Influenza 

Undulant fever Encephalitis (acute epidemic) 


Many other parasitic and infectious diseases could logically be 
included in the local lists of communities where such diseases are of 
particular public health interest, and conversely, some might be 
excluded because they present no local problem. Tlie point to be 
decided upon in making a disease notifiable is whether it possesses 
characteristics which make it dangerous to others beside the indi- 
\'idual affected. If it docs it enters the responsibilities of those 
concerned with the maintenance of the health, of the herd and must 
be controlled 

With information on prevalence at hand, the Health Authority 
must act first for the welfare of the community. It cannot be too 
arbitrary in its procedures because of the danger of arousing undue 
antagonism, nor can it afford to be too lenient if it is to obtain 
results due the taxpayers. The principles on which it draws up 
regulations must rest on a sound understanding of the epidemiology 
of each disease concerned undo- the conditions e.xisting at the time 
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in the particular community. The principles may be indicated in 
the following categorical questions: 

1. Is the disease reported a communicable one of major impor- 
tance to the community and one which is amenable to control by 
isolation and/or quarantine? 

2. ^Yill isolation of the case prevent further spread from that 
source? 

3. Are contacts with this case probable carriers of the infective 
agent? 

4. \Yill quarantine of contacts prevent further spread of the 
disease? 

o. What degrees and methods of isolation and quarantine uill 
be most effective and yet interfere the least with the rights of the 
individual concerne<l? 

These questions can be answered easiK in the abstract in regard 
to most of the communicable diseases. The difficulty comes in 
applying them to particular cases. The official health inspector 
and his bureau staff should be given latitude in their authority to 
temper restrictive measures to the case in point. This does not imply 
that every health officer may be as strict or lax as he wants, but 
that under average conditions he may be free to act within the pro- 
visions of the law which should be so framed as to admit of intelli- 
gent exceptions. 

The kind and degree of isolation will depend on the manner in 
which the infecti\e agent is transmitted. When the causative 
organism is acquired by direct contact with an infected individual 
Isolation need be no more than is necessary to keep those not 
directly concerned with the case from contact with it. Attendants 
will necessarily be obliged to take individual precautions. Diseases 
transmitted by droplet infection require isolation of the patient 
behind barriers such as glass or cloth screens, or relative isolation in 
general hospital wards by separation of beds by a distance which will 
not be traversed by infected droplets; a matter of 5 feet or more. 
Screens are advisable e\en though patients are kept apart. If the 
agent is a virus which is capable of being carried by the air in a 
viable condition on droplet nuclei isolation must be strictly limited 
to an entire room or closed cubicle. Isolation of patients w ho harbor 
organisms carrictl by insects is necessary only to the extent of erect- 
ing barriers against the approach of insects to the patient or which 
will keep insects already on the patient from getting into the general 
environment. 

\Miere the agent is carrietl by the alvine discharges or materials 
from surface lesions, it is only necessary to see that these materials 
are kept from contaminating others or their food. Personal articles 
used by the sick should be isolated with the patient when the 
infective agent is capable of being transmitted by fomites. 
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In tlic cnsc of active leprosy find duriiiR epkleinlca of tlie acute 
communicable diseases, institutionalizatinu of tlie patients is fre- 
quently nccessarj' nr advisable. Open cases of tiilwrculosis which 
cannot be safely Itnndled in the borne should be plac-cd in institutions, 
or removed to the care of otheni who are in a position to attend them 
under the necessary prccantions. 

Nursing and other fonns of nttendance on isolated patients is a 
matter of extreme importance. A well meaning, sacrificing friend 
or relative who volnntceri to care for a patient but wlio is unaware 
of the neccbsarj’ precautions may undo all of tlie benefits of the 
isolation by a single breach of the requirements, h’or the good of the 
patient and all concerned a trained attendant is advisable in all 
serious and important cases. 

The use of placards warning of the presenre of a commniiiiahle 
tlisease in a liouse is justifiable when isolation witliin the house is 
not satisfactory or has not liecn applierl rjtiickly enough, and ulicn 
those who must answer the <loor arc contacts kept in quarantine. 
This applies only to diseases of such serious nature ns smallpox, 
scarlet fever and diphtheria. At times when tlie local incidence of a 
disease tlireatens to assume epidemic proportions and when ,it can 
be ftssumol that carriers of the ilWease have wot tlisseminateil it to 
any great extent outside of the limiUxl locality, an entire block of 
houses or larger geographic units can be isolated from the rest of the 
community by official guawls. 

The need for quarantining an individual who is not sick but who 
has come in contact with one who has an acute communicable 
disease, or has been cxposc<l in some other way to the infective 
agent, is frequently a difficult matter to decide. As indicated above 
tlie contact may have been made liefore or after the patient was in 
the infective stage, and if so, nothing could be gained by placing 
tlie contact under quarantine. On the other hand contact may have 
occurred during the incubation period when the patient was infective 
but not openly .sick. If other conditions justify it such nn individual 
should be ciuarantiticd. known imnume who is not a carrier and 
one who is non-iuimune and has come in contact with non-carricr 
immunes but mit the patient, need not be quarantined. 

During epidemics it may lie necessary to close public buildings, 
theatres, schools and lecture halls to prevent non-inimunes from 
coming into contact w’ith carriers of the infection. It is lirobablc 
that this should be resorted to more often than it is in the presence 
of epidemic incidence of some of the acute respiratory and air-borne 
virus diseases. 

The Health Authority slwuM be given the right to restrict the 
activities of persons engaged in certain occupations when they are 
found to be carrying pathogenic organisms in a transmissible stage. 
School teachers with open tuberc^osis should not be allowed to 
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teach, t}}ose 'ivho are carriers of t\T>hoid organisms and anicbjB in 
their stools should not be given permits as food handlers until their 
carrier state has beeir cleared up. 

Infective cases of syphilis and gonococcal infections ought not be 
granted marriage licenses as long as they are capable of trans- 
mitting the infection, nor should they be allowed to work as food 
handlers, barbers, hnir-dressers or in any establishment where they 
may be a menace to others. Prostitutes should be apprehended and 
given exhaustive tests for infectivity. Children with acute colds, 
favus, impetigo contagiosa, scabies and pediculosis should be 
excluded from school until cleared of the infection. 

The military services are in an enviable position to restrict the 
activities of their personnel. The civil authorities might do well 
to inaugurate some of the practices of the military within their own 
domain. If they could follow the custom of these services in the 
control of venereal diseases by regulation of prophylaxis, reporting, 
and compulsorj’ treatment, it cannot be doubted that the incidence 
of these diseases could be greatly reduced. The experiences of the 
armies and naviesof theuorld in theWorld \Yar are lasting examples 
of the efficacy of sucli regulations. 

There are a limited number of diseases prevalent in most com- 
munities for which there are effective methods of artificial immuniza- 
tion. The Health Authorities in many communities have set up 
compulsory immunization laws which can be enforced at points 
where the public comes under their jurisdiction. Compulsory 
vaccination of children against smallpox before they are permitted 
entrance to public schools is almost universal, and immunization 
against diphtheria is well on its way to become so. It may reason- 
ably come with other diseases as quickly as the effectiveness of 
immunizing agents against them is demonstrated. Private schools, 
public institutions, industries, and private commercial establish- 
ments not infrequently require their personnel to possess vaccina- 
tion (smallpox) certificates as a prere<|u'isite to continued attendance 
{tr employment. 

The far-seeing health ser\’jce of the future may require individuals 
to submit to such health measures as compulsory pregnancy Wasser- 
mann tests, the instillation of silver preparations in the eyes of new- 
born babies, strict control over abortions, and compulsory Perioflic 
Health Examination of all public employees. 

Nuisance ordinances which prohibit persons from spitting in public 
places and on common carriers, and from defecating and urinating 
except in authorized conveniences, are personal restrictions enforced 
by law. 

Finally, the Public Healtli Agencies must always be concerned 
with the construction and maintenance of institutions at which the 
public can receive adequate care of conditions which are in any way 
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fominimicable. They must build and support public sanatoria for 
the tuberculous and inaugurate clinics for those with syphilis, 
tuberculosis and other communicable diseases. They must acti\ ely 
engage in education of the public through their own institutions and 
offices, and by close cooperation with phj’siclans, social agencies, 
private concerns, schools, philanthropic institutions and churches 
which are interested in the same problem. 

PROTECTION BY INDIVIDt!AL PREVENTIVE MEASURES AND 
PERSONAL HYGIENE. 

The individual can be expected to useorrlinary precautions against 
pathogenic organisms in his cn\ironment and to maintain his 
general state of health at such a level as to enhance his resistance 
to them. 

In most of tlie preceding discussion the respcmsilnlity of the 
individual to society an<l himself have been pointed out, and it 
has been shown that much of the success of the various defensive 
measures rests on individual umlerstanding and cooperation, In 
participating in the enforcement of social measures, the individual 
directly or indirectlx protects hhnseU, but many of these cfTorts 
are inadequate as ultunate defenses against organisms which are 
able to filler through the Imriers and reach the individual. In 
spite of public health and general sanitation the individual will 
always be expo!>ed to organisms against which effective barricra 
can be erected only by himself. 

In the life of the individual the first efforts at personal hygiene 
must be taken by those on whom he is dependent. The mother 
who submits to thoroughgoing treatment for syphilis, and the 
physician or midwife who instils silver salts into the baby’s eyes 
at birth, is practicing personal hygiene on behalf of the infant. 
So too is the mother who keeps her baby clean by frequent bathing 
and changing of soiled clothes, and who is particular about the 
cleanliness of her own nipples and the nursing bottles. 

Everything about the laby should tre clean within the sanitary 
meaning of the term. It is not necessary, nor probably even advis- 
able, that everything be sterile, but there should be no clothes put 
on the baby or food offered it which is grossly contaminated with 
the ordinary organisms of the environment, or which contain any 
of the pathogenic organisms. Oral cleanliness should begin at birth 
to prevent thrush and possiWy more serious mouth infections. 

Breast-feeding by the mother, or awetnurse, is always advisable 
for the first months of life at least, not only for nutritional reasons 
but because of the passive transfer of immune bodies through breast 
milk. 

Proper nutrition, especially if it is adequate In proteins, vitamins, 
and salts, probably goes a long way toward keeping up rchistaiiee 
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to infections. Although nothing dogmatic can be said in this regard 
there are strong indications that at least some of the nutritive ele- 
ments (vitamin A?) participate in the resistance of tissues to bac- 
terial in\’asion, or that their absence from the diet Jou’ers resistance. 

Infant hygiene marks the institution of good habits through 
training and precept because accustomedness to regular routine 
care of the body administered by others merges imperceptibly 
into the acquired liabits of the growing pre-school child. 

Near the end of the first half of the first jear of life the baby 
should be given the protection of active immunization against 
diphtheria and smallpox. If at any time during this first year the 
infant is e.xposed, or is in danger of exposure to other acute infectious 
diseases for which passive or active immune agents exist it may be 
wise, under the particular circumstances of the case, to give this 
added protection. 

The infant should be exposed as Httle as possible to infectious 
diseases. The child of tuberculous parents should be removed from 
this contact if the parents are open cases. It should be carefully 
guarded from them under all wnditions. Promiscuous kissing by 
nurses, other children and adults in the family, and tn ell-meaning 
friends should be prohibited within reason. The baby should not 
be kissed on the mouth. The young baby should not be taken into 
crowds, especially groups of children. 

Cleanliness of the genitalia is essential to prevent ordinarj' pyo- 
genic infections in both sexes. Precautions should be taken against 
gonococcal vaginitis in infant girls. A baby l>oy with redundant 
prepuce should be circumcised. 

When a case of an acute contagious disease appears in a house- 
hold, the baby should be placed in strict isolation and surrounded 
with all the safe guards of the sick-room. 

Should an infant, or one of any other age acquire an acute infec- 
tion, preventive medicine is immediately concerned with the pre- 
vention of complications. Bronchopneumonia, middle-ear disease, 
sinus infections, meningitis, renal and cardiac complications, are 
the most to be feared. Intelligent medical care, good nursing, proper 
precautions as to overexposure to draughts and ehilJing, under- or 
over-feeding, mouth cleanliness, good elimination, rest, and seclusion 
are the best safeguards. 

Most of the foregoing preventive efforts are applicable to the 
next four or five years of life. The possibilities of exposure are 
more frequent, however, because the totldler is moving about within 
his environment whereas the environment was moving about the 
infant. 

The pre-school child is exposed to infections in its nurse and play- 
mates, and to organisms in and on all kinds of objects which it 
handles. It ought therefore to be taught the elemental rules of 
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cleanliness: clean lianda at tlic tlmiiiR table; no objects to be placed 
in tlie rnoutli; cleanlincvt after usiii^ tlie toilet; .submission to fre- 
ciuent bathing; abstinence frtnn pRitniscmnts ks-ssing; and svibmission 
to restrictions in the presence of colds and other minor illnesses. 

The pre-school child should receive necessary immunization as 
early as possible if it had not already clone so in infancy. 

At this age too the j oung child should be taught to clean the teeth 
regularly and properly, to wx-ar shoes as a protection against organ- 
isms in the dirt, and to care for minor wounds. 

Exposure to tuberculosis at this age should be carefully guarded 
against. Drastic readjustments in the home may be necessarj' to 
accomplish this end but rarely is there no satisfactory solution to 
the problem. Sentimental attachments are the greatest barriers to 
Iw broken down but this can usually be done if tact anil sj mpatby 
are used rightly, and security can be assurcii to all concerned. 

The gratle school child Is at the age %\here certain infectious 
diseases are more frequent, especially acute rheumatic fever. Tiic 
"growing pains" of cliihlhood should nes'er be ignored as they may 
he subclinical evidences of rheumatic infection. Tliis age child is 
relatively free from serlou-s infections of tuberculosis but a con- 
siderable percentage of them already harbor the organism. With 
present rnethods of control this cannot be avoided other than by 
preventing contacts but much can be done to keep it quiescent. 
Good food, plenty of rest, and good medical care of all inter-current 
diseases, jiarticuiariy those of the respiratorj’ tract, are the best 
precautionary measures known. 

All of the good habits of personal cleanliness, elimination, oral 
and sexual hygiene should be indelibly stamped in the child’s 
pattern of living at this age. What is done out of habit and train- 
ing now it will do later on the same or rational grounds. 

It may be hoped that at all ages after pubertj the individual will 
be open to rational preventive proceilures. These are too numerous 
to consider in detail, but the roost important must be reviewed as 
they constitute in many instances, the first line of defense against 
invading organisms. 

At the outset of the disctission of parasitic flisease agents it was 
shown that the organisms were acquired directly by man through 
three atria of infection: (1) Alimentaiy tract; (2) respiratory tract; 
(3) skin and superficial membranes. It is logical therefore to take 
up the individual defenses which man can apply deliberatciv to 
protect these three channels of infection. 

Alimentary Tract Defenses.— In communities where the indi- 
vidual raises little, if any, of his food supply, he should understand 
that all food brought to him h not necessarily safe even though there 
are sanitation laws which should protect him. There are alwajs 
infringements of these Jawvs either through ignorance, accident, or 
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tleliberate evasion. It is necessarj' therefore that the consumer be 
aware of the posbibilitics of infection through his food supply. This 
can only be accomplished through education. All too frequently 
the education is by the expensive route of painful experience. 

Specifically, milk is always suspect. Unless the consumer can be 
absolutely assured that the source from which the milk is obtained 
is sanitary and that the milk is kept clean and safe until delivery 
he should never use milk without boiling it. All kinds of excuses 
are given to avoid this. It b claimed that boiling gives it a dis- 
agreeable taste, or that it reduces the effectiveness of the vitamins, 
or makes it less digestible. It may do the first to particular tastes 
but tastes can be altered. It probably does reduce the activity of 
vitamin C and possibly vitamin A but no one depends on these 
sources of vitamins alone today. Boiling does not make milk 
indigestible. 

In general it may be said that the only constantly safe milk is 
pasteurized milk. This statement is made with the understanding 
that the pasteurization, storage and delivery of the milk are also 
up to sanitary standard. Grade A certified raw milk may be safe 
and frequently is but is unreliable over a long time and depends 
upon too many factors which are difficult to control. 

On the farm all milk should be boile<l. The fine, fresh milk “right 
from the cow’’ looks deliciously clean and appetizing but it may be 
teeming with harmful organisms. 

Condensed, evaporated and tinned whole milk from unbroken 
cans is sterile when it is opened but readily becomes contaminated 
by flies, dust, and the fingers if it Is not kept under cover and at 
ice box temperatures. The responsibility for keeping clean milk 
clean rests on the individual. 

Most municipal water supplies are perfectly safe for human 
consumption. However, after breaks in water mains, floods, and 
the repair of local plumbing, an individual water supply may become 
contaminated. In the presence of these and other emergencies all 
drinking water should be boiled. 

The water from springs and ^vells is as safe as the best water only 
if it has been demonstrated to be free from pollution from nearby 
privies, animal pens and surface water flowing into it. The users 
of such water supplies can have the water tested at intervals by 
the health departments to make sure that there is no contamination. 

Green vegetables may harbor the bacteria of intestinal infections, 
and typhoid fever, or amebic cj’sts, if they come from gardens in 
which these organisms are presoit in the soil, or if the vegetables 
are handled by carriers of these infective agents. Under ordinary 
circumstances these vegetables can be satisfactorily cleaned by 
washing, scalding or scouring. If for any reason there is any doubt 
as to their safetj-the consumer should refrain from eating them 
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unless they are cooked. The housewife and restaurant proprietor 
should be expected to see that all connected with the preparation of 
food are not carriers of the typhoid bacillus or amebic cysts. 

Meats and sea foods sliould be above suspicion before they are 
consumed. Those concerned must realize that infected meats may 
sliow no visible ebanpe which will wani them. This is particularly 
true of pork products which slinuld never be eaten if tliey have been 
out of the ice-box for more^ than a few hours. It is impossible for 
the buyer of raw meat to be able to dcterinine infection with tricliin.a 
and other orRanisms or to know that oj'sters iln not carry typhoid 
bacilli. The on].\ safe way out of this predicament is to buy from 
reputable houses and to cook meats thorouRhlj . Oysters, if sani- 
tary when taken from the lieil, chilled immediately and kept chilled 
until consumed, can be consitlered safe. 

A few infections can l>e tarriwl into the mouth by articles other 
than fowl. If common <ltmking cups are used very soon after a 
person with open s.\philitie lesions in the moutli or tubercle bacilli 
in the sputum, these organisms may l»e transferred to a second party. 

Persons with the habit of lioldinp objects in their mouth should 
break themselves of it. Infections from this source may be rare 
but they are possible. Kvcrj individual should hove his own tooth 
brush. This sounds obvious but It is not uncommon to find several 
children in a family usinft a common brush. The greatest dniiRcr 
from this is the transmission of organisms of the normal flora of one 
moutli to another mouth in which they may be pathogenic: Vincent's 
organisms, streptococci, staphylococci, pneumococci, etc. 

The particular customer will refrain from patronizing restaurants, 
bars, soft drink Stands, nn<l lunch counters where flies are abundant, 
the waiters are uncleanly , and there is no visible e\ idence of sani- 
tation of the premises or in washing eating utensils. 

'ITie consumer himself may infect his owni food. It is not only 
esthetic but medically iuiportont to wash the hands thoroughly 
before eating, giving particukar attention to the nails. Actually 
the fingers .should be kept sanitary at all times, for they are taken 
to the lips and mouth many times a day imlependent of the taking 
of food. 

Respiiatoiy Tract Defenses.— Tlie routine hygiene of the nose 
and throat can hope to ilo little more than maintain the normal 
defense mechanisms in a healthy condition. Onlinary cleanliness 
of the anterior narcs and blowing the nose to rid it of accumulated 
secretion too \ iscid to drain freely into the naso-pharynx are the 
only procedures nece.ssary' under average conditions. Picking at 
the nose witli dirty fingers and foreign bodies should be avoided 
because of possible damage to the mucous membrane which may 
open the way' to infection. Exuberant growtli of liair in the nose 
should be cut off if necessary but never plucked out. 
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It is important that the passage oi air through the nose should 
be unimpeded and that the openings of the sinuses into it be unob- 
structed, Malformations and deformities whicli interfere with 
either of these functions to a harmful degree should be corrected. 

Conditions of a non-infectious nature which alter the vascularity 
and turgescence of the mucous membrane ma3' be important factors 
in lowering local resistance to invading organisms and may interfere 
with drainage in the nose itself and the accessorj' nasal sinuses. 
Allergic rhinitis, catarrlial conditions brought about bj- irritating 
gases and dusts, tobacco smoke, and abrupt changes of temperature 
are of this nature. An\’ efforts to prevent these irritations will 
favor the normal functions of the nasal mucosa and aid in preventing 
the invasion by potential pathogenic organisms in the flora of the 
nose or introduced from witliout. 

Sinus infections frequently complicate specific conditions such as 
the common cold, measles, influenza, and secondary invaders in 
acute rhinitis of any tjpe so that goo<l medical care is necessary in 
the treatment of these diseases. 

The nnsophar.vnx is bclieve<l to be the portal of entry of the 
specific agents of poliomj'clitis, epidemic e/)cephoJjtis and leprosy’. 
Meticulous care of the nose and throat is indicated in the presence 
of these diseases. A particular method of changing the condition of 
the nasal mucosa to prevent the entnmee of the virus of polio- 
mj’elitis is given in the Index of Prevention. 

The main exchange of respiratorj tract organisms between hosts 
results from their expulsion from the nose and mouth on expiratory 
droplets. Massive expulsions occur with sneezing and coughing 
but a few organisms are expelle<l with ordinary talking and heavy 
breathing. The burden of prevention of diseases transmitted in this 
way rests therefore on the host who is careless in these matters. 
Children should be taught to cover their mouths when they cough 
or at least to turn their heads, and to sneeze into a handkerchief 
Everj’one can learn that it is obnoxious to talkdirecth into another’s 
face. Physicians should be particular in examining patients to see 
that the patient's face is turned awax’ from his, and when he is 
examining the nose and throat of tubercufous individuals he shoufd 
protect himself with a mask or a transparent shield between himself 
and the patient. 

In the presence of known infections of a serious nature such as 
pneumonic plague and epidemic influenza all who are in attendance 
on the sick or are brought into close proximity with them should 
wear masks. A simple mask maj’ be made of four or more folds of 
surgical absorbent gauze cut large enough to cover the face from the 
bridge of the nose to the chin and extend laterally over the cheeks. 
It is held in place by tapes sewed to all four corners, those from the 
upper two being carried back and upward to be tied over the top 
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of tbc licad ami tlic lower tapw drau'n tisht bcneatli tlic occiput 
and tied. Tliese masks bcconie damp «Tid Iieavily contaminated 
after a few liours and should l)e cliaiiRed frequently. No one .should 
ev’cr use another’s mask unless it has heen steriiiml by boilinfj or 
steam. 

The person with an acute respiratory infection should not Jningle 
with crowds for tJie sake of others, and etmx'ersely it is wise'to avoid 
unnccebsarj' crowds during periods of high incidence of colds, 
influen?a, mcasle.s, pneumonia, poliomyelitis and other air-liorne 
infectious diseases. 

Skin and Superficial Mucous Membrane Defenses.— Tlic whole 
body surface should be bathed frequently to remove dead epithelium, 
inspiisateil sebum, salt ciystals from sweat and nccimiulatetl foreign 
matter. Bathing .also improves the circulation in the skin by causing 
capillary contraction and dilatation whidi aids in forcing the move- 
ment of static tissue fluids. It alvi opens the mouths of sweat and 
nil glands and hair follicles thus preventing the .accumulation of 
their secretions which favors bacterial growth. 

A reasonable amount of wwp enhances tlie removal of natural oil 
deposits on the skin and greases from extraneous sources. The too 
liberal use of alkaline soap is inadvisable in infants and during warm 
weather because it removes more than the desired amount of pro- 
tecting oils. 

General body cleanliness Is the best preventive against the 
pymlerinia.s, fungus infections and ectopara-sites, and ptobabl.v 
play s an Important part in the prophylaxis of .such conditions as 
leprosy, blastomycosis, hookworm disease, Impetigo, anthra.x, and 
many other infections of the skin and general diseases caused by 
organisms which enter tliroiigh it. 

Whenever the continuity of the skin is broken or the surface cells 
are devitalized an opportunity is given for the entrance of organisms 
which are members of the normal flora of the skin or for exotic 
organisms which gain access to it. The break may be minute and 
imdemonstrable but to monisms such as the streptococcus of 
erysipelas it is a wide open hreaeli. No wound can he too small 
to ignore. 

Larger lesions such as ahrasiona. blisters, burns, contusions, 
lactratirms and punclnrc wtrands are bigVdy vnlneraWe points for 
the entrance of patliogenic organisms. Some bacteria are present 
in every wound. Their ability to produce clinical infection depends 
on their number, virulence and the resistance of the host. To pre- 
\ ent outward infection in all wounds the number of organisms must 
be reduced. There is no more effective method of accomplishing 
this than the liberal use of soap and water, gently but thoroughly 
applied. The use of secondary antisqitics is desirable to prevent the 
multiplication of bacteria whielv remain in the wound. The par- 
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ticular antiseptic is unfortunately still a matter of opinion in the 
choice of one of several effective Iwicteriostatic materials. (See 
Disinfection and Antisepsis, page 585.) 

Devitalized tissues should be cut away from all wounds and the 
interior of puncture wounds sliould be made accessible to air to 
prevent the growth of anaerobic bacteria, particularly C. iefani 
and the gas infection organisms. Wounds caused by gunpowder 
burns, crushing wounds and punctures by nails, splinters, etc., 
which have been acquired out of doors are particularly liable to be 
contaminated with clofindia. Active immunization against tetanus 
by the prophylactic use of tetanus toxoid is receiving increasing 
support as a useful measure. 

Surgical technics are in great part the application of effective 
preventive measures against infection. With the realization that 
deliberate surface incisions must pass through a skin that cannot be 
completely sterilized and that the hands of the operator cannot be 
made bacteria free a highly specialized routine has been developetl 
whereby the possibilities of bacterial contamination of the operative 
wound have been reduce<l to the minimum, 'fhe reader must be 
referred to standard works on operative surgery for the details of 
these refined methods of prophylaxb. 

The prevention of infection of the eyes and their associated 
structures involves general maintenance of their normal functions 
by avoiding eje strain, contamination from dirty 6ngers and other 
objects, the use of goggles in contaminated atmospheres, and when 
the eyes are exposed to Irritating bright lights, prophylactic eye- 
washes follott'ing removal of foreign bodies in fhe conjunctival sac, 
care of the lids from irritating substances, caution in cosmetic pro- 
cedure such as the plucking of eyebrows and e> clashes, and im- 
mediate attention to injuries in and about the ejes. 

The prevention of ear infection divides itself into two main 
aspects: (1) Infections through and in the external auditorj' canal; 
(2) ascending infections by way of the Eustachian tube. 

The contour of the external audito^^ canal favors the acaimula- 
tion of natural secretions and dust and dirt from the outside. If 
the wJter portions beyond the protectinfi hairs are not kept dear 
of these naaterials the normal cerumen and other secretions behind 
it are unable to remove themselves spontaneously. This may result 
in irritation and devitalization of the lining cells of the canal and 
favor infection. The use of hard, picking instruments to remove 
cerumen and scratch the ear is deplored because of the danger of 
injury and secondary infection. Children should be watched for 
the presence of foreign IkkIIcs in the ears as their presence pre- 
disposes to infection. 

Extension of infection up the Eustachian tube is a common 
accompaniment of inflammatory conditions in the naso-pharjnx. 
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\Vhcj\ to this i-4 atldcd congestion awl closure of tlw intcrniil orifice 
the mucous secretions and bacteria accumulate an<l predispose 
to the production of otitis metUa. This h particularly true in 
measles, the common cold, septic throat infections and scarlet 
fcNcr. Tltere are indications that removal of adenoids acts to pre- 
vent the-'C ^wis-iihilities. Oral hvftienc in general reduces the danger, 
or at least the extent of aiieh in\-oIvcnient. Mild washes and pargics 
arc therefore recommended in acute upper respiratory infections, 
not so much because they in any nay sterilize the parts but remove 
aceunmiated secretions, in this connection, strong, too often 
repeated gargling may do more harm than good by forcittg materials 
from the tiiroat into the Kustaeliiaii tube, h'orcible blowing of the 
nose with both iiarcs and the mouth closed simultaneoiisK is harm- 
ful for the same reason. 

The female genital tract is open to infection from many sources 
and tiicre are a large number of pri-di^posing causes which con- 
tribute to it. 

Tiic % oung prepuberty girl is subject to gonococcal vulvo-vaginitis 
beciiuse the vaginal mucosa is thin and non-rcsistniit. I’rccautioiw 
should be taken in households where hygienic conditions are poor 
to hoc that gonococci are not transferre<l from other members by 
means of fingers and contaminated clothing, hod covers, towels nml 
wash cloths. In Iwtter ordered homw the same danger exists by 
transfer of infection from nurbc.s and maids and child companions. 
In institutions every little girl shouhl have her individual linen and 
toilet articles and should be taught the fundamentals of genital 
cleanliness. 

Witli the onset of menstruation the genital tract opens up and is 
subject to periodic physiologic changes in the mucous membranes 
and their secretions. During the flow of uterine secretions the lower 
genital tract becomes more alkaline and favorable to bacterial 
growth. Feminine hygiene demands more particular attention 
therefore during and after the menstrual period. 

The non-virginal genital canal h subject to invasion by gonococci, 
spirochetes, protozoa and all of the more common pyogenic organ- 
isms. They gain entrance through coitus, the introduction of foreign 
bodies, manipulation, the use of unclean instruments during child- 
birth and the petfarmaoce of abortioa-i, by extendon from the 
adnexa, and from ^’iolencc and other forms of traumatism. 

The prevention of these infections can be accomplished only by 
attention to the particular mechanisms involved; the venereal 
diseases by every channel of approach to this broad problem; 
restriction of abortion to the practice of licensed physicians w'ho can 
operate under surgical technic; education of pliysicians in the proper 
conduct of childbirth and care of tlie puerperal woman; medical 
intervention in the presence of infectious elsewhere which might 
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extend to the genital tract; the instruction of the woman in the use 
of douches; and the immediate attention to wounds and injuries of 
all kinds by a qualified phj'sidan. 

In the male it is almost entirely a question of sex hygiene. Gen- 
eral cleanliness of the external genitalia is essential at all times to 
prevent non-specific balanitis, phimosis, and soft chancre. Venereal 
disease prophylaxis is outlined on page GOT. 

In both sexes education in sex hygiene will always be the only 
sound basis for venereal disease prophylaxis. Because this involves 
attitudes and ideals as well as practical metliods to avoid the harmful 
results of bad sex hygiene other than the contraction of venereal 
disease, this whole subject will be discussed under Bsychobiologic 
and Biosocial Influences on page CG4. 

PROTECTION BY SPECIFIC IMMUNIZING MEASURES. 

The basis of all artificial immiuiization rests on the fact that anti- 
bodies against specific antigens can be produced in the bod\ of a 
susceptible indixfidual by means other than the processes of natural 
infection. 

The mechanisms involved in immunity in general have been 
thoroughly reviewed in a previous section \\ithout reference to 
\\hether the antigen was intrcKlucc<l under natural conditions or 
artificially. The present discussion is limited to those attempts to 
produce immunity by the deliberate Introduction of antigenic sub- 
stances into the body or the administration of preformed anti- 
bodies. 

The idea still exists in many quarters that children should be per- 
mitted to contract some of the exanthemata when the\ are .voting 
because, as they say, they will get them anyway, so why not early. 
The author wishes to add his unqualified objection to this archiac 
conception. No one can endorse such an idea w ho is at all conversant 
with the mortalities resulting from the so-called harmless childhood 
diseases and who knows the serious complications, defects and 
disabilities which they frequently leave in their wake. 

Instead, every effort should be made to protect the .v oung and all 
other ages from these infections. Artificial immunization is rapidly 
becoming the solution of the problem for many of them. 

In order to apply the prindples of protective immunization there 
must be available either: (1) A specific antigen of effective potency; 
(2) a low’er animal in which a specific antibody of satisfactory 
potency can be produced; or (3) human serum containing adequate 
amounts of the specific antibody. 

VTien a specific antigen is available either as a whole organism, 
alive but attenuated, or dead, or as a specific fraction of the organ- 
ism, this antigen may be introduced parenterally (and probably 
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jier 01 in limited instnnccs) into a susccptiWe non-iiiimunc with the 
intention of fetimulatinR formatinii xif specific antibodies npainst it 
which will be protective a^min^t subsequent natural invasioji by the 
same organism. Such active artificial immunization has been 
accomplished in the diseases comitleretl below. Only those s\hich 
arc effective as proplis lactic measures arc discussed. 

I. Active Immunization by Specific Antigens.— Tlic immunizing 
agent, if a virulent bacterium, can Ikj made suitable for use by 
attenuation through prolonged cultivation on artificial media or 
at tcmperaturcj) above that of orcUnarj' cultivation; by passage 
through a series of animals of the ^amc species; and by cultivation 
in the presence of weak antiseptics. Viruses may be attenuated by 
passage through animals of another species. 

Active immunization by means of killed organisms is of use in 
those instances where protection is desired against intracellular 
toxins. 

Hactcrial products, particularly the soluble exotoxins, can be 
obtained from killed cultures or organisms wliich produce such 
toxins or by the use of filtrates from the culture m^ia on which 
the organisms were grown 'flicse to.xins can be further modified 
by chemical means to make them non-to.xic to the human without 
loss of their antigenic powers. 

Tlie preparations made for Immunization b\ these means are 
known ns vaccines, toxins, and a number of modified toxins known 
as toxoids or anatoxin. 

(n) Prophylactic Vaccines of living Attenuated Bacteria.— i’lnffuc.— 
Organisms from a tliree*\ ear-old laboratory were subsequently 
cultivated by Strong at a temperature above 41'* C. Tliey are re- 
ported to be avirulent for monkeys and guinea-pigs but to retain 
tlieir antigenic properties for man. 'flie possibility of danger from 
these organisms has not been thoroughly ruled out. 

Tuberculosis.— An attenuated human strain of Bacillus iuberat- 
lasis obtained tlirough 2.30 generations on a medium of 5 per cent 
glj cerin potato saturated with beef bile. 

It is asirulcnt for laborati>rj' animals. There is no incontro- 
vertible proof that this strain may not revert to the virulent form. 

It is administered by mouth to infants and children, and is known 
as Bacillua Caltrvette-GvKsin (B.C.G.). 

C/m/ern. —IlalTkine’s vaccine was fonncrl) obtained by cultures 
of tlie cholera vibrio at temperatures above 40'* C. Subsequent 
investigation showed that passage through guinea-pigs gave an 
effective, safe attenuation witbmit resort to cu!ti\ation at high 
temperatures. 

(1)) Prophylactic Vaccines ol Killed Organisms.— /’ora- 
ti/phoid A and it.— Eighteen-hour agar cultures of the “Rawlings” 
strain are washed off with sterile bouillon so that the suspensions 
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contain approximateh’ one biliion organisms per cubic centimeter. 
Tiie suspension is heated to 53" C. for one hour which hills all the 
organisms. Tricresol 0.25 per cent is added to prevent contamina- 
tion. 

“Triple vaccine” is made of suspensions of organisms of li. j)ara- 
iypkosiin A (S. paratyphi) and B. paratyphosiis B. (S. schotfmiilleri) 
grown in the same way and combined with a suspension of E. typhi 
in the proportions of 3(X),000,()00 of each of the paratyphoid organ- 
isms to 500,000,000 of E. typhi. 

Typhoid vaccine and triple vaccine are administered in doses of 
500,000,000 to 1,000,000,000 of the tj'phoid organisms at intervals 
of a week or ten days for three successive doses. 

A satisfactory immunity probably docs not last on an average 
more than two years. 

Vaccine in ox-bile, administered by mouth in capsules, is used 
extensively in Europe and South Africa with apparently good re- 
sults. It is believed to produce a local immunity of the intestinal 
mucosa. 

CAofern.— The vaccine of choice for cholera is obtained from heat 
or carbolic acid killed cholera \ ibrios grown on agar or broth. The 
Pasteur Institute vaccine is a liroth culture killed by heat at 50® C. 

Growths from agar, suspended m salt solution may be killed by 
heating at 50° C. for one hour and adding 0.5 per cent carbolic acid. 

The vaccine is administered in doses of 1,000,000,000 cholera 
vibrios at intervals of five to seven days for two or three doses. 
Immunity is effective for approximately two years. 

It may be combined with triple vaccine (Castellani’s T. A. B. C.) 
in amounts to contain 500,000,000 E. typhi, 250,000,000 each of 
B. paraiyphosns A and j/oratyphosus B and 2,000,000,000 cholera 
vibrios. Dose: One-half cubic centimeter at the first dose followed 
by 1 cc. one week later. A third dose of 0.5 cc. may be given if 
desired, two weeks after the first injection. Injections should be 
made into loose tissues. 

Plague. — Ilaffkine's vaccine is prepared from a four or six weeks’ 
growth of P. jjestig in broth ki!Ie<l by sterilization at 65° to 70° C. 
for one hour. Carboh'c acid may be added as a preservative. The 
vaccine is administered subcutaneously in a single dose of 3 cc. for 
an adult male. 

The vaccine recommended and use<l by the German Plague Com- 
mission was a suspension in normal saline of organisms growm on 
agar and killed by heating at 65° C. 

A protective immunity lasts for only a few months at best. 

Typhus and Other iliefrr/fsins.— Weigi* has succeeded in infecting 
large numbers of lice with tc'phus oiganisms and then triturating 
their intestines with weak carbolic acid solution. Mexican typhus 
> Weigl Med. Kim.. 20, 1016, 1924. 
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organisms can he ohtainwl in large numhcrb from the peritoneal 
cavities of infected rats. Zinsser and Castaneda made formalinizcd 
suspensions of the organisms ami obtained immunization of guinea- 
pigs against the Mexican disease and 30 per cent immunity against 
the European strain. No conclusive rc*sults have yet been obtained 
in man. 

A vaccine has been prepared against the organism of Ilncky 
Mountain spotted fc^ er from ground-np infected ticks. There i» no 
evidence that the rickettaise are alive in the completed vaccine. 

Parker and Davis* used this \-accmc as n prophj lactic among 
sheep lierders in a heavily infected region in Montana and for 
lalioratory workers. Ten years' experience with it has impressnl 
Parker with its probable value, not so much as a real prophylactic 
against infection hut as an actlse agent which minimizes the disease 
in those who acquire it. 'rins. he believes, is apparently so in those 
who have received more than one immunizing treatment over 
several seasons. 

Bengston" has obtaineil aignificant results in tlie protection of 
guinea-pigs against lethal doses of riekettsire by tlie use of a forino- 
lized vaccine of Rocky Mountain spottetl fever rickettsite grown on 
a modified Maitland medium. Reports seem to indicate that this 
may be superior to \accine made from groutid-iip infected ticks. 

PerfMMW.— Sauer’s \accine contains 10,(>0(), 000,000 II. jierlimis 

S ep cubic centimeter of vaccine. 'Hie organisms are grown on 
iorclct’s medium enriched with freshly defibrinated liuman blood 
and then killed bj 0 5 per cent phenol at refrigerator temperature 
for one week. The organisms were in the virulent smooth hemoljtic 
phase. 

The dose of tlic vacf ine for a child is 7 or 8 cc. given over a period 
of several weeks in weekly injections of 1 or 1.5 cc. per dose. 

The vaccine should be administered as long before exposure 
as possible, preferably a matter of months. 

I’neimococcu.i /«/ech<ma.— Successful \accines have been ob- 
tained against T>pe I and Tjpe II pneumococcus. The organisms 
are washed off the medium with salt .solution and killed at 50° C. 
for one-halt hour. Tricresol 0.3 per cent is added as preservative. 
Eacli cubic centimeter of the vaccine contains 1,000, 000, 000 pneu- 
mococci. 

The vaccine is administered in tliree doses at weekly intervals; 
first (lose 3,000,000,000, second dose 6,000,000,000, third dose 
0,000,000,000 organisms. 

Rabies . — A vaccine whiedj probably contains killed rabies virus 
has been de% eloped by Semple. It consists of 8 per cent mixture of 
\irus brain in saline solution in which the virus is killed by the 

■ Parker. R R.. and DaMs, G E. UR Puh Health Rep . 48. 839 1933 
« BengMoo. 1 A Pub Health Rep . D S Pub Health Serv . 62. 1090. 10J7 
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addition of 1 per cent phenol and incubating at 37® C. for twenty- 
four hours. This is then diluted to 4 per cent virus brain and 0.5 per 
cent phenol by adding an equal amount of saline solution. 

It is administered in doses of 2 to 3 cc. daily for fourteen or more 
days. 

Staphylococcus hifecfwns.—Stock or autogenous vaccines made 
from agar cultures in suspension in saline. The organisms arc killed 
by heat at 60° C. for one-half to one hour. The suspension is 
standardized by nephelometer or counting chamber to contain 
approximately 5{K), 000,000 organisms per cubic centimeter. 

It is administered in bi-weekly or weekly doses of 0.5 to 1 cc. each. 

(c) Prophylactic Vaccines of Unaltered Bacterial Products.— 
r/iofera.— Cholera vibrios are grown by Strong on agar and washed 
of! in salt solution. The organisms are then killed by heat at 60° C. 
The suspension is allowed to stand at incubation temperature for 
five days and then passed through a Berkefeld candle filter. The 
sterile filtrate is used for inoculation. 

Scarlet /’crer.— Scarlet fever toxin is obtained from mixed strains 
of streptococci (Dochez NYo and Dick II) grown on meot infusion- 
peptone broths and Douglas’ tryptic digest broth at 37° C, for 
seven days. The broth is phenolized with 0.5 per cent phenol and 
the organisms removed by filtration through a Berkefeld candle. 
The strength of the filtrate is standardized in animal skin-test doses 
(S.T.D.). 

Immunization Is produced by the subattaneous or intramuscular 
injection of the toxin in weekly doses of increasing amounts of 
S.T.D. First week 500 S.T.D., second week 2(X)0 S.T.D., third 
week 6000 S.T.D. and fourth week 12000 S.T.D. 

Pertussis.— An unaltered antigenic extract of II. 2>crtiiS3is which 
may eventually prove to be efficacious has been obtained by Krueger 
by grinding Phase I organisms in Locke's solution and filtering 
through a collodion membrane. The filtrate is strongly antigenic 
in animals and is non-toxic. 

(rf) Prophylactic Vaccines of Treated Bacterial Products.— DtpA- 
theria.—U normal diphtheria toxin is treated ^\ith formaldehyde 
and incubated it loses its toxicity but retains its antigenic pow ers as 
demonstrated by' antitoxin in the blood and flocculation in vitro. 
This changed toxin is called anafann b\' Ramon in Europe and 
toroid in this country. Toxoid is administered in two doses of 1 cc. 
each at an interval of one "neek. It requires fi% e or more months to 
produce its maximum titre of antitoxin. Toxoid contains no horse 
serum and is therefore not sensitizing to it. On the other hand the 
bacterial proteins may produce some reaction in susceptible indi- 
viduals, usually adults and older children. 

Diphtheria toxoid treated ndth alum loses much of the sensitizing 
powers due to bacterial protein and is believed by its supporters to 



&b() THE DEFENSE AGAINST INVADING ORGANISMS 


prodiu'c* a longer iniimiiiity. Tills alum -prcciiniakd toxoid as it is 
failed is administered in a single dose of 1 cc. Its advantages over 
fo.iind as ineasMTcd by pen-entage of Schick positives %\hv> become 
Schick negative utulcr its influence has not been completely demon- 
strated as yet. 

Tetanus toxin treated with 0.3 per cent formalin and 
incubated at 37“ C. for four to six weeks loses its toxicity but retains 
itsantigeniepowers. 'Vhhtetanua anatoTin or toroid is administered 
ns a long-time immunizing agent against possible infection witli the 
tetanus bacillus. It is given in two doses of 1 cc. cacli two raontlis 
apart. 

Staphyloeocck Infeeiion. — Toxoid has been de\'e!ope<l from 
staphvloeoccus toxin by treatment with formalin. It has been 
shown to raise the antitoxin litre of the blood against staphylococci 
in individuals in whom the litre was low. 

(e) Prophylactic Vaccines of Attenuated and Inactivated Filterable 
Viruses.— 6’maffpo.c.— If the vims from a human case of smallpox 
is inoculated into a calf it produces lesions in that animal from which 
virus can again bo obtained. The vims, however, has become to 
attenuated by the animal jiassage as to produce only a local lesion 
in most instances when re-inoculatcd into the skin of man. Tlic 
attenuated virus is the vaccinf of Jenner which is use<I throughout 
the world in the control of smallpox. 

Vaccine is obtained bj scraping the lesions of the calf and adding 
to this material four times its weight of glycerin 50 parts, water 
40 part.s and carbolic acid 1 part. After this mixture has been 
allowed to stand for three or four weeks to permit time for all 
bacteria present to die out the glycerijjated pulp is triturated 
thoroughly and is then ready for use. 

Pulp is put up in capillarj- tubes or allowed ,to dry on bone or 
ivory “points” as drj virus. 

Smallpox vaccine should Ijc thoroughly tested for sterility by 
plating and for tetanus bacilli bj mouse inoculation before it is 
distributed. 'Die virus will remain potent for five months if kept 
cool. 

Vaccination is performed by placing a single ilrop of vaccine on 
cleansed skin and making a fine scratch through it of not more than 
^ inch in len^h. The linis is thea massaged into the scrateh for 
fifteen seconds with the side of the vaccinating needle or a sterile 
toothpick. The scarification should not have drawn blood. The 
multiple pressure inethr«l i-onsists in placing a drop of vaccine on 
cleansed skin and then pressing the pointed end of a sterile needle 
against the skin through the drop in such a way that the point of the 
neeille depresses tlie skin slightly but does not visii)ly puncture it. 
This pressure is repeated rapidb' thirty times, the point of the needle 
never covering an area more than J inch in diameter. The excess 
virus is wiped off and the vaednation is left uncovered. 
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There are four types of reaction to smallpox vaccine: 

1. The primary “take” or vacdnia charaeterizetl by the formation 
of a typical smallpox papule on the third to fifth daj' with vesicula- 
tion at its lieight on the eleventh to fifteenth days. It occurs in 
the non-immunes. 

2. Accelerated vaccinoid reaction shows papule formation on the 
third or fourth day, vesiculation by the fifth and rapid subsidence 
thereafter, usually without pustule formation. This is the reaction 
of the partial immunes. 

3. Immediate reaction shows a papule within forty-eight hours 
and immediate subsidence without vesicle or pustule. It occurs in 
individuals with high immunity. 

4. No reaction or a papule forming after seventy-two hours with- 
out any further progression is evidence that the virus had lost its 
potency or the technic of vaccination was faulty. It should be 
repeatetl. 

The duration of vaccination immunity is five to seven years. 
Vaccination should be compulsory in infancy and every seven years 
thereafter for at least the first three decades of life. 

i?<76iw.~The virus of rabid animals or “street virus” is inoculated 
into a series of 21 to 30 rabbits in which it becomes fixed in the 
nervous tissue as tints fixe. 

The medulla of a rabbit containing tints fixe is then emulsified 
in sterile salt solution and injcctecl into the brain or subdural space 
of another rabbit. IVlien this rabbit dies its cord is removed 
immediately under strict precautions and hung by a thread in a tall 
bottle with a few pieces of i^tassmm hydrate in the bottom. The 
su-spended cord gradually dries under these conditions and the virus 
becomes progressively attenuated. Cords of one to eight days are 
used for prophylactic immunization. For use 1 cm. of cord is 
emulsified in 3 cc. of sterile salt solution or 5 cc. of bouillon. The 
amount of each to be used varies with the age of the cord. 

Immunization is performed by daih injections of cord emulsions 
'of different ages for twenty-one successi\e days. 

For adults, 2 injections a day of eight-, seven- or six-day cord in 
doses of 3 cc. each are given for the first two days and four- or five- 
day cords on the third day. One injection of 2 cc. per day of cords 
three, four or five daj s of age are then given for the remaining eigh- 
teen days. 

Hogj-es’ modification uses varj'ing dilutions of fixed virus cords 
ground up and diluted with salt solution. The first injection of 
3 cc. is with a dilution of 1 to 10,000. This dilution is gradually 
decreased on successive days until the last dilution is 1 to 100. 

Harris further modified the dried cord technic by freezing fixed 
virus with CO 2 snow and drjdng it rapidly in vacuo over sulphuric 
acid. This keeps several months on ice in the dark antJ from it 
vaccines of constant strength are prepared as needed. 
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TJie use of rabies vaecinc prophylacticall}* is practically limited 
to indivkliiah wlio have been bitten by an animal which is rabid or 
suspected of beinp so. 

Yelloic /’et'cr.— Hindle*J»as reported cxpcrinienta] success in the 
immunization of mice and monkeys with attenuated yellow fever 
virus. 

Poliomyelitis.— Act'wc pre)pliylactlc immunization of monkeys 
with attenuated (riclnolcnted)* poliomyelitis virus has been neenm* 
plishcd but the application of tliis to prevention in man awaits 
further developments. Monkey passaffe vims is attenuated to a 
degree that makes it possible that active virus oI)tained in this way 
might be available for human use. 

2. Passive Immunization by Preformed Antibodies.— Immune 
antibodies maj be obtained from the serum of patients convalescent 
from some of the bacteria] and nrus diseases nr from individuals 
pos-sessing such nntilmilies from previous infections or ptoducetl by 
immunizing agents. The sera of lower animals which contain anti* 
Ixidiea protlutwl in them by active immunization may also be used. 
The latter are largely of the nature of antitoxins. Animal sera and 
the antibodies in human serum may also be anti-invasive. 

(a) Immune Sera Obtained From Human Sources.— 

The serum of convalebcents from measles and measles-immune 
adults in doses of .“1 to 15 cc. will confer a passive incomplete Im- 
munity upon a child who has been exposed to an active ease. . 

Wiole blood from a compatible <lonor may be injected immedi- 
ately intramusctdarly. It must bo used within five days after 
expo.sure. The immunity lasts from two weeks to a month. 

Poliomyelitis.— Tlw presence of immune antibodies in post- 
poHomjelitie ami normal adult serum theoretically .should indicate 
that such scrum might be a possible passive prophylactic immuniz- 
ing agent during epidemic exposures to the disease. E.xperiencc 
with it has been con/licting, largely because of lack of statistical 
control. 

3 Fcier. —The serum of an individual who has had an attack 
of yellow fever possesses antibodies which can be utilized to produce 
passive prophykactic immunity in another. Although the full \ alue 
of immune serum has not been demonstrated it is likely that such 
degree of protection as it afforrls will be of s-alue during epidemics. 

Periussis.— Ilximan aduH immune scrum is reported by Jundell’ 
to have produced favorable results in reducing the severity of 
whooping cough in exposeil chOdren. He succe«led in getting 
these results only after augmenting the adult titre by pnOiminary 
injections of pertussis vaccine. 

> Hindle, E.: Brit. Med. Jour . i. «70. 1928. 

•Brndie.M.: Am Jour Fub Hedlh.SS 54, iriSS. Knlmer. J. Ilml.ZS 140,1930. 

> Jundelt, I.; Aetn Pipdinl . 16. 1, 1933. 
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Debre reports some success with convalescent serum (Gay). 

(6) Immune Antibodies Obtained From Animal Sources.— Diph- 
theria. — The use of antitoxic horse serum may be used as a prophy- 
laxis in contact cases. It is administered subcutaneously in doses 
of 500 to 1000 units. The passive immunity is short-lived. 

Pfaffue.— Antitoxic and possibly antibacterial animal plague 
serums are mildly protective but difficult to obtain and standardize. 
They have not been perfected to the point of reliability as a pro- 
tective measure. 

T’eJ'ctnt/a.— The serum from horses which have been made hyper- 
immune to tetanus toxin is obtained by bleeding from the jugular 
vein and preserving with 0.5 per cent carbolic acid or 0.4 per cent 
tricresol. 

The antitoxic content is standardized to antitoxin units, one 
unit being ten times the least amount of serum necessary to save 
the life of a 3o0-gram guinea-pig for ninety-six hours against a 
standard test dose of t(K) minimal lethal doses of a standard pre- 
cipitated toxin. 

Prophylactic tetanus antito.\ic serum is administered sub- 
cutaneously in amounts of not less than 1500 units. 

The antitoxin remains in the body for only about two neeks so 
that as a prophylactic in severe injuries and those where the likeli- 
hood of tetanus is great a second injection should be given within a 
week after the first. The presence of foreign serum proteins in anti- 
tetanic serum makes it essential to take strict precautions against 
anaphyla.xis, 

Clostridium velchii Infection. —A hyperimmunity to C. u'elchii 
toxins can be produced in horses and mules. The serum of these 
animals, vhich is antitoxic, is obtained and standardized so that 
1 cc. contains 1 unit, or the amount which will neutralize 1000 
M.L.D. of C. weickii toxin. 

Clostridiiwi adematU-maligni Infection. — An antitoxic serum can 
be obtained from horses made hj'periramune by injections of the 
toxin. It has not been definitely standardized and is usualb' c-om- 
bined in a polyvalent serum witli C. tcelchii and C. iefani. 

The antitoxins against tlie anaerobic gas-producing organisms of 
wound infection find their greatest usefulness in the injuries of w ar. 

Scarlet Fever. — Immune liorse serum containing Streptococcus 
scarlatina antitoxin is standardized in units, each unit of antitoxin 
being the smallest amount which neutralizes 50 S.T.D. of scarlatinal 
streptococcus toxin. 

Prophylactic immunization of contact cases in the period of 
incubation has been used with varying degrees of success. It should 
probably be repeated more than once but allowance must be made 
for the dangers of anaphylaxis. 
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Combined Antigen-antibody Prophylactic Immunization.— Tlte 
•jiimiltanemis administnitioii of toxins and antitoxins has the ad- 
vantage in some instanet\s of producing an iimnciriate passive im- 
munity and a delayed active iimnunizatinn. The use of an antibody 
mixture along witli a posverful antigen also reduces the toxicity of 
the latter. Toxin-antitoxin mixtures have almost entirely super- 
seded the use of plain t'accines in some fesv disense.s. 

Diphtherifi. -Toxin-antitoxin prophylaxis in diphtheria was the 
best available preventive before the perfection of toxoid. It b 
still used by many when undesirable reactions to toxoid are to be 
a\oi(led in adults and older clnldren. 

The amounta of toxin and ontitoxiii used are regulated so that 
there is a sufRcient quantity of free toxin to bo effective in producing 
active immunity. The standanl balanced mixture of the New York 
Department of Health contains O.lL-f- of toxin with about 0.08 
unit of antitoxin. 

The .small amount of horse serum in the antitoxin component may 
prfxiuce some wjnsitizatiou in susceptible in<ii\ iiluals. 

Toxin-antitoxin is admin isterc<l intramuscnlarl.v or subcutaneously 
in three doses of I ct' each at weekly inters’aU. The maximum im- 
munity is reached in three to five months.- If a child who has been 
inoculated fails to become Schick negative within six months an 
attempt at immunization should l>e repeated with the same or 
another form of vaccine. 

'ierfr,— Sawyer' and his co-workers lia%e demonstrated 
experimentally that monkey s and mice can be immunized by immune 
serum-xtrus mixtures. 

Tlie results in man are impressive but await further development. 

Typhis.—A. sero-vaccine in uhicli the virus is neutralized by 
immune or convalescent scrum was suggested by DaRocha Lima 
and in the hands of Zinsser and Batclielder= produced an active 
immunity in guinea-pigs. 

Dyaentery.—ll dysentery bacilli and the corresponding anti- 
serum are placed together in tiiro the sensitizers in the serum unite 
vv ith the bacterial cells. When the excess serum has been removed, 
the remaining bacteria (killed) and their attached antibodies is 
known as a sensitized raccine. 

Such a vaccine produces a ^ade of iminututy superior to tliat of 
a vaccine from unaltered organisms. There is some ciuestion as to 
whether the antibodies confer some passive immunity as claimed by 
Besredka. 

PolicnnyehOs.—liTodic^ and Brodie and Goldbloom' report expcrl- 

* Sawyer. XV. A , Kitchen, S P, snd Uojrd. W.. Proc Soc Dtper Biol and 
Metl, 29. G2. 1931 

* Zinsser, It., and Batcbelder. Jour Kxper. Med . 51, S47. 1030 

> Brodie, M.: Jour. Exper Mrd , 66, 493, ItQ2 

' Brodie, M , and Goldbloom, A Jour. Kxper Xfed., 63, SS5, 1031. 
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mental work on combinations of poliomyelitis immune serum and 
virus given together in an incubatetl mixture or separately. He 
obtained the best immunity in monkeys when the serum was ad- 
ministered with or after the virus. The immunity was generally 
Jess than tljat produced by monkey-passage virus alone. The serum- 
virus combination has not been tri^ in man. 

PROTECTION BT DISINFECTION AND ANTISEPSIS. 

Durinfedion is the destruction of pathogenic organisms. The 
difference between disinfection and slerilization is a matter of degree, 
the latter destroying all forms of life on a contaminated object. 
Anii^cpsia is the inhibition of the growth of microscopic organisms 
and antiseptics are therefore bacteriostatic agents. They may or 
may not sterilize. A germicide is a particular type of disinfectant 
which destroys germs or bacteria (badericide). 

In the prevention of disease, disinfectant.? and antiseptics are 
useful because they destroy or motHfy the activities of infecti^’e 
and parasitic agents within or on the host and so prevent their 
dissemination in the etu-ironment or to other hosts, or act on these 
agents in the environment and prevent their acquisition by new 
hosts. 

The use of the principles is limited by the ubiquity of many para- 
sites and the practical impossibility of removing them altogether 
from tiie environment. They are most useful In destroying organ- 
isms in and on man and on objects with which he comes in close 
contact. 

There are a number of natural agents T\hieh are unfavorable to 
living organisms. They include heat, desiccation, light rays, and 
cold. The present concern, however, is with artificial mctliods of 
disinfection and bacteriostasis. 

Soap and water removes and <lestroys the great majority of 
organisms from the surface of the human body and from most ob- 
jects which can be washetl. It is the most universally used disin- 
fectant and is relied upon most largely in the application of the 
general principle of cleanliness. When applied to the human body 
it prevents the acquisition of parasites from the environment and 
reduces the possibilities of autoinfection of wounds and mucous 
membranes. It is the outstanding means of preventing the con- 
tamination of food by food handlers. Soap and water cleansing of 
all objects in the sick-room is the most effective method of terminal 
disinfection and is of more value than chemical disinfection. 

Disinfection of the alvine discharges (feces and urine) is required 
whenever there is no adequate, safe disposal system available, and 
when in known cases of sickness due to organisms discharged in 
these materials, the discharges must be handled by others in dis- 
posing of them. 
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Ovvinf; to the bulk o{ organic matter in feces and the slowness of 
penetration to the interior of the mass the disinfectant must be well 
mixed with it and all«iweil to rnnain in contact for a sufficient 
length of time. The most commonly used and cheapest disinfectant 
for this purpose is compound cresol solution (Liquor cresohs eom- 
positiis). Kqual volHme.s of the solution and the excreta are 
thoroughly mixed and atlowwl to stand for one liour. I'ormalin, 
10 per cent ‘'olution. phenol, 5 per cent solution and chlorinatwl 
lime, .3 per cent solution may he used in the same w’ay as the above. 

For the destruction of helminth eggs Stiles recommends making 
a .3 per cent solution of sodium hydroxwle in the feces. Protozoan 
cysts can he killetl in the same way. 

The materials accumulated in sputum cups can be <lisinfected by 
adding equal amounti> of anj of the disinfectants used on feces. A 
small nminmt of cjimpnmitl <Te.sol solution in tiie bottom of the 
sputum cup n ill disinfect sputum as it is discharges!. 

Soiled hed'lincn and alecpiiig clothes ma^ he diainfeeted before 
laundering by soaking for one hour in 3 per cent chlorinated lime 
or cresol compound. 

Germicides are used to destroy l»actena on the skin and for the 
steriliration of objects which are brought into intimate contact 
with the skin and mucous membranes. They arc useful therefore 
for pre-operative preparations of the hands and other parts of the 
body and in the sterilization of operating and examining instru- 
ments, combs, brushes, razors, hair tweezers, and articles of clothing 
such as shoes, belts, and other materials not subject to laundering. 

The most generally used germicide for sterilizing common articles 
is bichloride of mercury in 1 to 1000 solution in water. Alcohol is 
aKo cominonl.v employ ed and acetone and ether may be used unless 
contraindicated. Dichloramine-T is highly satisfactory. Carbolic 
acid 5 per cent and formalin 10 per c-eiit in water are widely used 
as sucii or as commercial preparations of them. 

A 1 or 2 per cent solution of salicylic acid in alcohol is effective 
in killing fungi in shoes and slippers. This strength may be safely 
poured on the stocking while it is on the foot in sufficient amount to 
soak it thoroughly , and then the shoe or slipper to be cleane«l is 
worn over it throughout the day. 

There are a number of cUsinfeetaaita which liave particular appli- 
cations: 

Lye, or sodium hydroxkle is especially advantageous for disin- 
fecting barns and stables against JiniccUa aboTtus. 

Silver nitrate 1 per cent is u'>ed as Crede's prophylactic against 
ophthalmia neonatorum. Argyrol, 25 per cent solution and protargol. 
3 per cent solution are silver preparations whicJi can repl.ace the 
nitrate. 

Copper sulphate in 1 part per 1,000,000 of n.iter will kill many’ 
species of uig.T. 
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Betanaphthol is usetl medicinally as an intestinal antiseptic. 

Napthalene or tar camphor is effective against many vermin and 
fungi. 

Potassium permanganate is weakly germicidal and is used in 
s\irgical antisepsis and for the sterilization of well water. 

Lime (CaO) and calcium hydroxide, 1 per cent watery solution, 
kill non-spore-bearing bacteria in a few hours. Three per cent 
solution kills E. fyphi in one hour. Milk of lime (slacked lime in 
4 to 8 volumes of water) is used to disinfect privies and other filth 
contaminated premises. 

Chlorinatefl lime or bleaclu'ng powder in 4 per cent solution in 
water is used to disinfect excreta. It is used also in the purification 
of water. 

Labarraque’s solution (Liquor sodiie chlorinatre) is used for skin 
cleansing in dilution of 1 to 4 with water. 

Antiseptics are employe<l prophylaetically to inhibit bacterial 
growth on the skin and mucous membranes especially when these 
tissues are known to be contaminated, or when they have been 
openwl to invasion b> pathogenic oiganisms by wounds and injuries. 

Except in the conjunctiva, all chemical antiseptics should be pre- 
ceded by a thorough but gentle cleansing with soap and water. 
The particular prophylactic antiseptic to be use<l will depend on its 
availability and tlie judgment of the user. There are many on the 
market, a few onlj of which have outstanding merits. Allen, 
ISfoorhead and Edgerl\' have the following fo say about the use of 
antiseptics. “Often the physician who uses the several available 
antiseptic products is at fault in his application of the preparation. 
This may be the cause of many of the unfavorable results noted in 
connection with the use of some of the antiseptics in common usage 
today. He must first understand the active, dynamic, pathologic 
processes at which his medication is directed. Even with the 
understanding of the problem at hand, he may and often does do 
more harm by medication of tlie wound than all the germs present 
would do under ordinary circumstances. Through the use of too 
strong, or too often applied antiseptics he may destroy living and 
reparative tissues, thereby piwfucing delayed healing of the ulcerated 
area, an unnecessary slough, or even systemic reactions following 
the absorption of toxic protlucts of tissue degeneration. An agent 
which kills or inhibits bacteria present in the wound, but <loes not 
at the same time destroy tissue, nor interfere with the natural 
body defensive mechanisms is far more desirable than one which 
kills all the organisms present and at the same time accomplishes 
the destruction of the tissues with w hich it comes into contact. 

“An infection occurs only w’hen the contaminants, present in 
every wound, are in sufficiently large numbers, or of sufficient 
^^^ulence to overcome the local defensive processes. Therefore, a 

’ Allen, A. W'.. MoorhMd, J J .andCdeerly, M. P.’ Am. Jour.Surg , 23. 371, IQ.'Ji. 
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nu'chanical cleansing of tlic locally contaimnated, or later infected 
area, and the judicious application, probahly Init once, of a mild 
aiitiieptic is sufReient. We do not rccoinniend nor liohl any brief 
for any one antiseptic. TJirouglioiit the country many different 
skin disinfectants ate n«<\l in the pre-operative preparation, an<l 
an even larger number of antiseptics are applied in the treatment 
of wounds. There are clinical differences between these antiseptics. 
And yet the morbulity rates are not widely divergent. Wiiich 
brings us to the realization that whether an infection will develop 
or not depends largely on the number of organisms present and their 
relative virulence, tlie resistance of the host, and least of all on the 
antiseptic used." 

The common surgical antiseptics are: 

Mercurochromc— 2 per cent aqueous solution or ointment. 

Tincture of iodine— 3.5 per cent alcoholic solution. 

Ile.xj-lresorcinol (S.T. 37)— I mg. per cc. in. 30 per cent glycerin 
nnrl 70 per cent water. 

I)ichloramine-T.— 0.5 to 10 per cent aqueous solution. 

Mertliiolate— 1 : 1000 to 1 :30.00l) aqueous or nlcoliolic solution. 

Metapben— 1 to 2000 in aqueous solution. 

Doric acid— saturated solution, 5 per cent. 

Methylene blue— gentian violet (MBGV). Methylene blue 6 per 
cent, gentian violet erj stab 5 per cent in 50 per cent coimnercial 
grain alcohol. 

Alcohol— 70 per cent. 

Acriflavine— 0.05 per cent. 

Steriliration by heat and fumigating gases are forms of disin* 
fection but have been consi«lered elsewhere. 

The specific sterilization of carriers of pathogenic organisms pre- 
sents a difficult problem in preventive medicine. Those who are 
well but harbor typhoid bacilli, meningococci, diphtheria bacilli, 
and amebic cj'sts are particularly rich sources from which these 
organisms are being continually dhsemiuated into the environment. 
The sterilization of these individuals in respect to tlieir particular 
pathogens in viiv is disinfection applied to specific organisms, or 
in practice, specific therapy of the “carrier state." 

Diphtheria carriers are recognized by routine throat cultures. 
Wlien found, tiie organisms recovered should be subjected to the 
virulence test to determine pathogenicity. Many of these indi- 
viduals will clear themselves spontaneously in a few weeks. Others 
remain chronic carriers indefinitely. In the latter group chemical 
sterilization with the ordinary throat antiseptics such as hydrogen 
peroxide, potassium permanganate, iodine, hypochlorite solutions, 
and antiseptic dyes should be tried, but consistently favorable 
results cannot be expected. It appears that the correction of ana- 
tomic and functional faults in tlic nose and throat offers the best 
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permanent solution. 'Hjis consists in the treatment of chronic upper 
rcspiratorj’ infections and the correction of such defects as deviation 
of the nasal septum, hj-pertrophied turbinates, nasal spurs and the 
removal of tonsils and adenoids or tonsillar remains from previous 
incomplete tonsillectomy. 

The use of specific immunizing agents such as antitoxin and toxoid 
appear to have no beneficial effect. 

Overplanting of the diphtheria bacillus in the tonsils uith cultures 
of Staphylococcus pyogenes aureus has been found to be successful 
in a fmv instances. 

Meningococcus earners ^\ho have not cleared themselves spon- 
taneously within a month or so after the^ became carriers from con- 
tact with a case of epidemic meningitis or other carriers constitute 
the greatest problem in the epidemiologj" of this disease. Unfor- 
tunately no certain method is at hand to determine whether they 
carrj’ virulent or avirulent organisms. The best indication at pres- 
ent is that organisms which arc agglutinated by a polyvalent serum 
at 1 to 100 dilution but arc not agglutinatctl by normal control 
serum at half this dilution must be held suspect as virulent organ- 
isms. The carrier in this case should receive particular attention. 

Restoration of the nose and throat of these cases to the best 
possible condition is the only known effective measure. The use of 
throat antiseptics, other than steam sprays with chloramine ns 
practiced by the British in the World War, and resort to anti- 
meningococcus serum and vaccines, have produced no satisfactory 
results. 

The general health of the patient should be brought to a high 
level W'ith adequate diet, sunshine and fresh air. 

Typhoid carriers arc those who at some time have been infected 
with tj^phoid organisms and harbor (hem in their gall-bladder or 
some other portion of the biliarj' tract. Although they usually 
give a bistoiy of clinical typhoid infection a rare instance is found 
now and then w ithout such liistoiy. The great majority of chronic 
carriers discharge organisms in the stools and may do so constantly 
or intermittently. Convalescents occasionally show organisms in 
the urine. 

Urinaiy carriers arc best preventetl by the use of hexamethjl- 
enetetramine during convalescence from typhoid fever. 

Disinfection of fecal carriers by chemicals taken by month or 
any other route has not been successful and specific vaccines are 
without effect. In fact a great majority of carriers already possess 
considerable agglutinating power in their blood as revealed by the 
• Widal test. This fact is of importance as an aid in the identification 
of carriers by means of this test. 

Most success in sterilization of carriers has been obtained 
by removal of the gali-bladder. This can hardly be expected to be 
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nmipletcly satisfactory if oi^piiiisins can Ikj ]iarborc<l in otlicr parts 
of the \)iliar>’ tract as well- Clwdceystectomy should only be 
practiced when tjplioid or^tanisiiis liavT been recovered by biliary 
(IrainaRc and wlicn no other contraindications to operation, either 
medical or social, exist. 

Until some more efieetix e inetliod is availnlile, the greatest success 
in tile prevention of dissemination of tjplioid hacilli by carriers will 
be the sanitary control of these people. |Mrticularly in all matters 
pertaining to their participation in the preparation and handling of 
food. 

E7idauieha hliiohjtica carriers may or may not liave had clinical 
dysentery. A n^nsiderahle number Imve probably iiad intermittent 
symptoms wliich were attributed to something else and the true 
eoiidition went unrecognired. 

C raig* states that it is his opinion that there is no such thing ns a 
healthy carrier and that this term shouhl be eliminated from tlie 
nomenclature. This wouhl automatically throw the prevention and 
cure of the carrier state into the category of the treatment of 
amsbiasis. 

Tlie treatment of the cyst carrier, with or without symptoms, is 
most safely and efficiently carried out with chiniofon. Three to 
4 pills or tixblots ctintaimng U.25 gtn. (4 groins) each, three times 
daily for eight to ten days is the course of treatment recommended 
for an adult. Tlic tendency for tins drug to produce diarrhea in the 
first tlays of treatment may be obviated by limiting the initial dose 
to 2 or 3 pills and increase to the full dose if It is well borne. 

Many other infective agents, particularly some <lue to the hel- 
minths simulate tlie carrier stale but arc in reality only chronic 
Stages of the disease. It is therefore incumbent on the medical 
practitioner to render all such patients non-infections as rapidl.v a? 
possible by thorough-going treatment. Syphilis and tulierculosis, 
hookworm and ascariasis are outstanding e.vamples of this need. 
The use of clicmicals in their treatment is indirect disinfection and 
is of more value than all attempts to disinfect the discharges after 
tliey have been disseminated into the cixvironmcut. 

' Craig, C 1' Aniebi.ssis and Alpcbie Dysentery. naltiturjiL', Cliarlts C T)joiim<. 



CHAPTER XLV. 


SYNOPSIS OF PREVENTION OF PARASITIC AN1.> IN- 
FECTIOUS DISEASES. 

Actinomycosis. 

AcUnomyccs boris. 

Actinomyces asteroides. 

Oral hygiene, prevention and removal of tartar, attention to carious 
teeth. _ 

Avoidance of grain dusts. 

Skin cleanliness. 

Po'^ihly by care of actinoinycoMs in animals and avoidance of contact. 
Actinomyces madurx. 

Wearing of shoes and other protection of the feet. 

Attention to minor wounds of feet. 

Foot cleanhness. 


Amcebiasis. 

Endameba histolytica 

Cure of chronic carrier stale of amebiasis case*. Notification. 
Adequate treatment of amebic dysentery. 

Panitarj' disposal of excreta. 

Purification of water supplies. 

Prohibition of the use of night-soil os fertilizer except activated sludge 
shown to be harmless. 

Thorough cleansing and disinfection of uncooked green \ egetables and 
fruits. 

Sanitary examination of food handlers. 

Personal habits of cleanliness, particularly as regards contaminated 
fingers after using the toilet. 

Ancylostomiasis. 

Ancylosloma duodencilc. 
iVfcotor amencanus. 

Protecting foot gear. 

Foot cleanliness. 

Saiiitaiy’ excreta disposal. 

Treatment of cases. 

Ancy&isioma draziYiensis (creeping cnipCibnl 
Bodily cleanliness. 

Control of infected clogs and cats 
Sanitary care of contaminated soil. 

Anthrax. 

Bacillus anlkracis. 

Quarantine and destruction of infected animals. 

Sanitary inspection, sterilization and certification of animal products 
Precaution in handling infected animals and animal products. 
Preventive immune serum in known contacts. 

Closure of infected pasture lands. 


(591) 
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Ascarlasts, 

Ascaris Imi’hrxcoidcs. 

Clcan]inc^^■< of liaiuld after ctintamination nitli dirt. 

Treatment of cases. 

Wasliiiifc and scaldinj;, if neccssrfity, of green vegetables. 

Recognition of liouseliold infection. 

Sanitary excreta disposal. 

Turning up and drying of contaminated aofl. 

Purification of dnnking ^\ale^. 

Balanttdiaus. 

Balanlidium eoli 

Sanitation of pig iKns. 

Cleanlinesss on tlie part of swine handlers. 

Thorougii cooking of pork meats. 

Blastomycosis. 

Blastomyces dennotilulU. 

Care in handling human lesions. 

Steriliiation and incineration of contaminated dressings. 

Attention to skin w nunds, cstieeially those due to w-otxl splinters 

Brucellosis (see Uodulant Fever). 

Cerebrospiaal Fever (see Meningitis, Epidemic). 

Cestodes (see Tapeworm Diseases). 

Chagas' Disease (see Trypanosomiasis). 

Chancroid. 

Ilemophilus ducreyi. 

Cleanliness of the genitalia. 

Prophylaxis after intercouripC— soap and water; medicinal ointment. 
Condom. 

CharboD (sec Antlirax). 

Chickenpox. 

VaricpUa virus. 

Notification. 

Isolation of patient for one week after appearance of eruption and 
therc.aftcr until crusts have dis.ipix’arcd. 

Disinfection of clothes, bedding and fomites of sickroom (concurrent 
and terminal). 

Sanitary' precautions by nursing attendants 
Cholera, 

Fiin’o cliofcra;. 

Segregation of cases. 

Disinfection of excreta and all objects around or used by the patient. 
Nursing precautions 
Sanitary excreta disixisal. 

Purification of water supply. 

Cooking all vegetables— disinfection of fruit 
Eradication or control of ffies and cockroaches. 

Prophylactic vaccination. 
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Clonorchiasis (see Fluke Infections). 

CoGcidiosis. 

Coccidioides immitis. 

Disinfection of contaminated dressings. 

Personal cleanliness, especially after contact with soil in infected regions 
(California). 


Colon Bacillus Infection. 

Escherichia coU. 

Skin cleanliness. 

Cleanliness after toilet. 

Purification of bathing water. 

Disinfection of feces-contaniinated articles^ 

Surgical antisepsis and asepsis; operators and instruments; preopera- 
tive care of patient. 

Control of flies, cockroaches and other vermin. 

Disinfection of wounds. 

Prevention of constipation. 

Specific immuniration by vacemes. 

Sanitarj’ disposal of feces and urine. 

Incineration of contaminated dressings from infected surface lesions. 
Common Cold. 

Virus qf Ike Common Cold. 

Hygiene of the upper respiratory tract; treatment of nose and throat 
abnormalities and infections. 

Oral h}^ene. 

Prevention of dissemination by soming and coughing; use of indi- 
vidual handkerchiefs; sanitary laundering 
Avoidance of contacts; individual and tn masse 
("Cold vaccines” are not antivirus. They arc directed toward the 
concurrently infecting organisms.) 

Avoidance of chilling, draughts, irritating dusts, gases and vapors. 
Ventilation of rooms, homes, public buildings and meeting places. 
Ultra-violet light treatment oi air. 


Crab-louse Infestation (sec Plithirius pubis Infection). 


Creeping Eruption (sec Ancylostomiasis). 
Cryptococcosis. 

Torida hislohjlica. 

Disinfection of sputum in lung cases. 

Dusts? 


Pengue. 

Dengue Fever Virus. 

Segregation of cases within mo^uito bars. 

Mosquito control measures directed particularly against Aides and 
Cukx. 


Dermatophytosis (see Fui^s Diseases). 
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Diphtheria. 

Coryncbaeterium diphtberue. 

Isol.'ition of cases' one Aseck from date of onset ami tlicrcaftcr until 
2 successive negative cultures, taken at least tnenty-four liours apart, 
from l)oth nose and throat, liavc been obtained. 

Control of contacts. Children: If Iimnune as shown by a Scliick test 
or on the basis of a previous attack of the di-icase, may return to school 
provided thej* live away from home, or the ca.'c is hospitalized, and if 
2 consecutive negative nose and throat cultures taken at an interval of 
not less than twenty-four hours is obtained. Non-immunc children shall 
be quarantined until one week has elapsed from last date of exposure 
and until 2 negative nose and throat cultures, taken at an interval of 
not less than twenty-four hours, liavc liceii obtained. Adults. No 
restrictions arc placed on adults unless they are school tcacliers, uben they 
shall be placed under the same restrictions as children. Food handlers 
and others uho-'C occupvstion brings them in contact with children have 
no restrictions if they live away from home. If they liv’c in a family in 
which a case of diphtlicria exists they shall be subject to the same restric- 
tioas as cluldren. 

Sanitary sick-room regulation^ 

Sterilization of chronic carriers. 

Preventive immunization with loxin-antitoxin or toxoid (anatoxin). 
Antitoxic lione-serum m contact ca«o>« 

Hygienic habits of coughing, sneezing and ^pitting. 


Dlphyllobothriasis (sec Tajicuonii Infections) 

Distomiasis (see Fluke Infections). 

Dracuncnlusis. 

Dracuneului mcdinensit. 

Av’oidance of contaminated surface waters. 

Cleanliness of skin in infectwl rcgion«. 

Purification of drinking and bathing water. 

Treatment of infected ca«es Disinfection of contaminated dressings, 
or incineration. 

Dysentery, BaclUaiy. 

Shigella dgserlenx, vars Flexner, Shga-Kruse, Simuc (Duval). 

Sanitary disposal of excreta 
Purification of water and milk. 

Sterilization or disinfection of raw foods. Thorough cooking of foods. 
Control of food handlers. 

Personal prophylaxis by cleanliness, particularly of the hands. 

Control of flics 

Treatment of chronic c.arriers. 

Specific immunization by sensitized vaccine. 

Sanitary care and thorough treatment of dysentery cases. 

' Thcao and subacquent reeulaiiww of the Acute Communicable Diseases are 
from the requireinenls of the Massschusette Department of Public Health unless 
othenvise indicated. 
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Echinococcosis. 

Echinococcus granulosus. 

Persjonal cleanliness, particularly of the liands before eating. 

Caution in handling dogs. 

Cleansing and disinfection, if necessary, of eating utensils, especially 
if soiled with dirt. 


Encephalitis, Epidemic. 

V’lriM of Epidanic Encephalitis. 

Isolation of cases for an arbitrary period of three weeks following the 
onset. 

Disinfection of nose and throat discharges. 

Terminal disinfection of sick-room 

Endodermophytosis Fungus Infections). 

Epidermophytosis (sec Fungus Infections). 

Enterobius VermicuUris Infection (see Cxjuriasis). 

Erysipelas. 

Streptococcus erysipelatos. 

Surgical antisepsis and a<c|)sls. 

Disinfection of contaminated dressings. 

Hygiene of childbirth and pucrperiuin. 

Care of wounds. 

Control of expiratory droplets. 

Avoidance of contacts. 

Personal cleanliness, 

Fascioliasls (see Fluke Infections). 

Filariasis. 

Loa loa. 

Protection of the individual from bites of the mango fly (Chrysops). 
Fly extermination and control. 

Onchocerca volvulus. 

Protection of the individual from bites of the buffalo gnat. 

(Simulium damnosum.) 

Gnat extermination and control, 
irwc/icrena bancrofli. 

Protection of the individual from mosquito bites. 

Mosquito control measures directed particularly against Anopheles and 
Culex. 

Fluke Infections. 

Clorwrchis sinensis. 

Thorough cooking of all fish food in endemic areas. 

Sanitary sewage disposal. 

Disinfection of night-soil. 

Fasciola kepatica. 

Purification of drinking and cooking water. 

Washing and disinfection, if necessaiy, of all green uncooked vegetable 
foods in endemic areas. 

Thorough cooking of sheep and goat liver. 
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Fasciolojiiia buski. 

Washing, scnkling or (lisinfccUng walcr-clicstnut and caltrop. 
Sanitarj' night-soil disposal. 

Ileterophycs hcterophyes. 

Thorough cooking of fisli food in endciiue arc.is, particularly mullet. 
Sanitaiy night-soil disposal. 

Opisthorchisfdinnts. 

Opislfiorchis viierrim 

Thorough cooking of fish fond in endemic areas. 

Panitirj’ night-soil disposal. 

Paragonunva tieslermfitii 

Eating only cooked crab and crayfish meat. 

Purification of drinking water in endemic areas. 

Disinfection of sputum in human lung cases 
Sanitarj' night-snil disposal. 

5c/ii»tosowia Aemfltobiuwi. 

SchUtesoma wtansont. 

Sanitary excreta disposal 

Purification of liatliing ami drinking water. 

Control of snails, dmin-age, cnpjicr suljihatc. 

Treatment of human cases. 

Eradication of the West Afriean Green Monkey (Cmopilhceus sabdevs) 
ill Africa and St Kitts. 

SehUtosma japonicum 

Sanitary n/ght-soiJ dfsposal. PmlKhitnin of use of untreated liuman 
fceca as fertilizer 

Dniliingc canal treatment to combat snails; ntmightciiiiigi cleaning of 
banks, lime, copper i>uli)hate. 

Treatment of liiiinati eases. 

Food Folsorung (lafectioua) (»ee Sahnonelhs Infection). 
Foot-and-Moatb Disease. 
riVas of FooC-and-Moulh DiataK. 

Caro in handling infected animals and their products 

Animal quarantine 

Quarantine of animal producU 

I’astcurization of dairy products 

Precautions in liuiiian cases; contaminated hands. 

Fungus Diseases. 

Acliorhn sehonltinii. 

Microsparon, spp. 

Tncfiophyton, spp. 

TnehospoTum ^gankum 

Use of individual toilet articles 

Sanitarj' regulation of bariiers and liairdres'^s. 

Personal cleanliness of hair and scalp. 

Individual hats, caps, etc 
Avoidance of coiitact-s. 

Treatment of cases of ringw’onn of the scalp and favus. 
Endodermophjlon, spp 

Treatment of cases of tmea imbneata. 

Sterilization of clothing, towels, etc. 

Avoidance of contacts. 
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Epidemwphylon inguinale. 

Personal cleanliness of body, particularly crural regions and feet. 
Sterilization of laundry, shoes, etc. 

Individual clothing, towels, toilet articles. 

Regulation of public bathing places. 

Treatment of itch, athlete’s foot, eczema marginatum. 
Hormodendron, spp. 

Treatment of 03*163 of achromia parasitica. 

Sanitary laundering. 

Individual clothing, towels, etc. 

Microsporon furf ur. 

Treatment of ca«es of Pityna^is versicolor. 

Sterilization of clothing. 

^ficrosport}n xanthodes. 

Sanitarj' regulation of barbers and h.airdres«ers. 

Treatment of cases of sjtosis of the licard. 

^ficrosporuTn fulvtnn (mouse) 

Aftcrosporum lanoaum (dog, bird). 

Trkhophyton album (animal?) 

Trichophyton egiununi (hor<e). 

Trichophyton /an'nidenfum (animal). 

Trichophyton fehneum (cat, horv*, c.attlc, sheep, dog, pig). 

Trichophyton granulosum (horse). 

Tnchophyton laclicolar (animal?). 

Trichophyton menlagrophytes (horse, cow, dog, pig, sheep). 

Trichophyton megnini (fowl and pigeon). 

Trichophyton ocAroccum (animal?). 

TrtcAop/iyten pctikoloT (animal?). 

Trichophyton radiolatum (animal?). 

Care in handling of animaK as indicated after each fungu-s 
Personal cleanliness. 

Madurella mycetoma. 

Care of wounds of the foot. 

Cleanliness of the feet. 

Shoes. 

Disinfection of discharges from lesions of Madura foot (mycetoma). 


Gas Bacillus Infection. («ee Wound Infection) 


German Measles. 

rfrus of German Meades. 

Isolation of patient until one week from the appearance of the rash. 


Glanders. 

Loeflerella mallei. 

Isolation and destruction of infected animals. 

Quarantine of animals. 

Quarantine, disinfection, ccrtificaUon of animal products. 

Disinfection of materials used around infected animals. 

Disinfection of discharge, dressings, instniments from human c.ases. 
Caution in handling animals and human cases. 
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Gonococcal Infection. 

Neisseria (jonorrhex. 

Venerea! prophylaxis: 

Chemical; soap and water; urethral Instillation of protargol 
(2 per cent), nrgyrol (10 per cent); vaginal douche. 

Mcclianicalj condom. 

Control of prostitutes. 

Premarital health certification and marital health examinations. 
Treatment of the case of pjnorrhea. 

Abstinence from intercourse during the infective stages 
Personal cleanliness. 

Sanitary dKlnfection and disposal of contaminated dressings. 
Individual treatment of laundry, disinfection of clothing and e.ating 
utensils. 

Control of infected food handlers. 

Crcd6's method of prophylaxis of ophthalmia neonatorum. 

Granuloma Inguinale. 

Klebsiella grantUomads (specific cause?). 

Personal cleanlines-s, particularly of the genitO'Cniral regions. 

Venereal prophylaxis. 

Grain Itch («ec Mite Infestations). 

Guinea*worm Disease (sec Dracuncu1ia«is). 

Heterophyes Infection (see Fluke Infections). 

Hookworm Disease (sec Ancylostomiasis). 

Hydatid Disease (sec Echinococcosiis). 

Hydrophobia (see Babies). 

Hymenolepis nana Infection (see Tapeworm Infections). 
Influenza. 

Hemophilus injlucnzx. 

Individual precautions tluniig ncriotla of high incidence. Avoidance 
of crowds, individual liandkerchieis. 

S.anitary habits of sneezing and cougliing. 

Protective ma«ks fur attendants ... 

Disinfection of articles contaminated liy the sick. Disinfection of 
nose and throat discharges. 

Virtual isolation of the sick. 

Segregation of the sick tn special institutions, barracks, camps, etc., 
during epidemics. 

Jaundice, Epidemic (see Spirochetosis icterohemorrhsgiea). 
Kala-azar (see Leishmaniasis). 
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Leishm&niasis. 

Letshmania ttrazih'ensia (Espundia, Forest yaws). 
Treatment of individuals infected. 

Protection from sand flics. 

Disinfection of discharges from infected cases. 
Leishmania donovani (ICala-azar). 

Treatment of individuals infected. 

Protection from sand flies. 

Leishmania tropica (Cutaneous Oriental Sore). 
Treatment of individuals infected. 

Disinfection of discharges from cutaneous lesions. 
Sand-fly control (?). 

I’revcntion of contacts. 


Leprosy. 

Mycobaelerium leprae. 

Notification of ea<cs. 

Maritime quarantine; international quarantine. 

Transportation regulations. 

Segregation of ca«es in isolation institutions while infective. 

Personal cleanliness of those brought in contact with lepers and in 
leprous areas. 

Treatment of the ca.se to render it non-infective. 

Parole of lepers. 

Diiinfeetlon of discharges, coaUtminated dressings, tissues, etc. 

Control of vermin; bedbugs, cockroaches 
Sanitary disposal of excreta. 

Loa loa Infection (see Filariasis) 

Madura Foot (see Actinomycosis and Fungus Diseases) 

Malaria. 

Plasmodium faldpanm. 

Plasmodium malarUe. 

Plasmodium nixu:. 

Prevention of mosquito bites. 

Mosi^uito control measures. 

Quinine prophylaxis. 

Treatment of malaria to render the patient non-infective' quinine, 
pIa«mochin, atabrine. 

Malta Fever (see Undulant Fever). 

Measles. 

Ptriw of Measles. 

Isolation of patient until one week from appearance of rash. 

Exclusion of nonimmune contacts, children and school teachers, from 
school for sixteen days from date of last exposure. 

Prophylactic convalescent and adult immune serum. 

Disinfection of discharges from nose and mouth of measles patients 
and articles contaminated by them. 

Terminal disinfection. 
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Meningitis, Epidemic Cerebrospinal. 

NeUzeria inlracellulans (meninffitidig). 

Isolation of patient for t%vo \vee» from onset of disease and ihcreafler 
until all acute sjTnptoms ha\x subsided. 

All children, and school teachers who aro contacts, and food handlers 
who are contacts and living in the family in which there is a case of 
meningitis, to be quarantine until ten days from date of last exposure. 
Sanitary sick-room precautions. Concurrent <li«infection. 
Determination of carriers by no*© and throat cultures. 

Sterilization of carriers. 

Individual precautions on the part of attendants. JIasks. 

Mite Infestations. 

Olijq/pkafuz damestieiii ("Grocer’a itch” mite). 

Disinfeetkm of food^tu{f8. 

Disinfection of hay and grasses. 

Personal cleanliness. 

Lepluz aulumnaHz (Iiarx-eat mite), 
lasect-proof clothing. 

Repellents (of little value). 

Removal of mite and disinfection of the hitc 
Pedteuloidez vtntricozxi (grain itch miW. 

Precautions taken by handlers oi gram, cotton, straw Clefltilincs.s; 
long sleeves; gloves. 

Disinfection of straw u«cd for mattresses, etc. 

Repellents (of little value) 
lihttoglrjphuz parasiticuz (“coohe-itch” mite) 

Protective coverings of amis for workers in tea gardens. 

Destruction of mites on vegetation by spraying. 

Trombicula akamuzhi (Kecbni hlite). 

Clearing of ttream banks in regions where T^utsugnmushl fever is 
endemic. 

Rodent control. 

Personal cleanliness of workers m the fields and marshes of endemic 
areas. 

Trombicula scAii^’neri. 

Precautions in handling small rodents and birds. 

Precautioas on the part of workers in tobacco fields 
Tromhicula delUnzis 

Precautions on the part of workers on palm oil estates 
Rodent control. 


MoUoscum Contagiosum. 

Viruz of Molluscum eovlagiozum. 

Prevention of contact with known cases. 

Sanitary regulations in fnibJic baths. 

MooUiasis. 

Monilia alhicanz. 

Personal cleanliness, general and genital. 

Cleanliness of nipples of nursing mothers. 

Sterilization of nursing bottles nnd nipples. 

Cleanlines-s of mouths of infanta 

Disinfection of contaminated dressings and clothing in genital and 
bronchopulmonary monllia-sis. 

Disinfection witli antiseptics of the mouths of patients with thrush 
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Momps. 

Virus of Epidemic Parotilis. 

Isolation of patient until one week of disease and thereafter until all 
swelling of the salivary glanda has disappeared. 

Concurrent disinfection of discharges and contaminated articles in the 
sick-room. 

Terminal disinfection. 

Mycetoma (see FiinRus Di'«cases). 

Myiasis. 

Cutaneous, intestinal and orifice myinsis-producinq flics. 

Personal cleanliness. 

Dressings on all surface lesions. 

Hygiene of nose, ears, eyes and genitalia. 

Fly eradication and control measures. 

Sanitary regulations of seuage, garhige and excreta disposal, and 
stable sanitation. 

Control of animals with myiasis (Dot flies). 

Sanitary disposal of carcasses. 

Incineration of dressing, etc., contaminated with organic discharges. 
Sanitation of floors of owellings. Dirt, feces, etc. 

Sterilization of food and ^Tat<^ contaminated with lar%’a? of Eristalis 
tenax. 

Disinfection of clothing contaminated with organic matter. 

Kecator Americanos Infection (see Ancylostomiasis). 
Onchocerca Volvolas Infection (sec Filariasis). 
Opisthorchiasis (see Fluke Infections). 

Oroya Fever (sec Verruga Peruana). 

Oxyuriasis. 

Enlerobius vermicularis. 

Personal cleanliness, particularly of anal region. 

Washing of hands after using the toilet and before eating, particularly 
in the case of infected food handlers. 

Disinfection of ova-conlaminated clothing. 

Thorough cooking of food in households with infected members. 

Pappataci Fever. 

Vt?ni8 of Pappataci Fever. 

Isolation of patient under mosquito bar during duration of illness. 
Gnat-proof protection in endemic regions. 

Sand-fly control. 

Paragonimiasis (see Fluke Infections). 

Paratyphoid Fever (see Typhoid Fever). 
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Pediculosis. 

Pcdieidtis humanus, varu. capitU and eorporit. 

Treatment of individuals liarboring lice. 

Disinfection of clothing, bed dothes (detousing). 

Avoidance of contacts. 

Personal cleanliness. 

Sanitary laundry control. 

Pertussis (see \Vhooping Cough)- 

PhtUrius Pubis Infection. 

Phlhirius pubU (crab-louse). 

Treatment of patient harboring eral>-Iiec. 

Disinfection of clothing. 

Avoidance of contact. 

Personal clpanlines.s. 

Pityriasis Versicolor (see Fungus Infections), 

Plague. 

Pa^teurelh ptatia 
Isolation of case. 

Prevent fleas from approaching or leaving an active case. 

Individual precautions to prevent flea bites. 

General contact precautions on the |Kirt of attendants. 

Use of masks by attendants on pneumonic cases. 

Concurrent and terminal dirinfection. 

Rat and other rodent control measures, 
l-lea eradication measures 

Specific prophylactic immuniaation l)j' plague vaccine (Strong's vac- 
cine, Ilaffklne's vaccine). 

^lariti^le and land quarantine. 

Disinfection of common carriers. 

Sanilarj' burwl or incineration. 

Qii.srnntine of all puhhc meeting places. 

Pneumococcus pifection. 

Diplococais pneumonia. 

Prevention of predisposing causes: general low grade of health, expo- 
sure, alcnlioIi«in, respiratory tract infections, crowding, poor ventilation, 
.street and house dust. 

Caro m attendance on pneumonia cases: cleanliness, avoid droplet 
infection; masks. Steriliz.-ition of fomiles. 

Oral hygiene. 

Hygienic li.shits of coughing, sneezing, apitting 

Prophylactic immunizing vaccine against Types I and II pneumococci. 

Pobomyelitis, Acute Anterior. 

rtVus of Epidemic Poliomi/elitia. 

Isolation of c.s«e until two weeks from onset of disease and thereafter 
until acute sjTnptoms have subrided. Isolation preferably in screened 
room. 
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Quarantine of all children, school teachers and food handlers living in 
the family ^vith a case of poliomyelitis for two weeks after the date of 
last exposure. 

Passive immunization of contacts with post-poliomyelitic and normal 
adult human serum. 

» Active immunization with monkey passage virus, formalinized virus, 
and serum-virus mixture is in the experimental stage. 

The prophylactic nasal spray of 0.5 per cent each of picric acid and 
sodium aluminum sulphate in 0 85 per cent saline is on trial w ith sug- 
gestive results. Instillation of zinc sulphate 1 per cent, pontocaine 1 per 
cent, sodium chloride i per cent in distilled water onto the olfactory area 
of the nose. 

Notification by physicians. 

Concurrent disinfection in tlie sick-room. 

Terminal dLsinfection by cleaning. 

Avoidance of contact and crowding during periDd"* of high incidence. 

Pasteurization or boiling of milk. 


Pattacosis. 

Tirus of Psillacoais. 

Quarantine of infected birds or birds from infected regions; particularly 
parrots, parrakeets and canaries. 

Sanitary regulation of pet shops. 

^ Individual precautions in handling and care of susceptible birds kept 
as pets or used in laboratories. 

Disinfection of cages, excreta, feathers, etc. 

Precautions in the care of tlie infected individual; eoncurrent disin- 
fection of discharges and utensils. 


Rabies. 

Pints of Rabies. 

Licensing all dogs. Impounding of unlicensed strays. Compulsory 
muzzling. Anti-rabies vaccination of dogs. 

I.aboratory examination of all dogs which have bitten humans. 

I^rophylactic vaccination in all persons bitten by rabid or suspiciously 
rabid animals. 

Pasteurization of milk 

Precautions in handling infected animals, particularly in respect to 
saliva. Disinfection of hands. 

Quarantine of dogs transported from infected areas. 

Oo■fKW^my^ of hsads lead srtiirteff m the 

sick-room. 

Notification. 


Rat-bite Fever. 

Borrelia minus. 

Immediate antisepsis of bites caused by rats, mice, guinea-pigs, ferrets 
and squirrels. 

Rodent control. 

Individual precautions in handling rodents, particularly laboratory 
animals. 

Concurrent disinfection of discharges from rat-bite fever patients 
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Relapsinf Fever. 

Borrelia recurreniis, vara, dulloni, navyi, carlen, persica. 

Vermin control: beflbuga, body Jice, ticks. 

Personal cleanliness. licmoval of vermin. 

Delousing: clothing, bed clothes, premises. 

Avoidance of native liouces and furniture in endemic regions. 
Avoidance of tick-infcstc<I ground in endmic reginas. 

Rheumatie Fever. 

Sireplarocccus, sp. 

Virtual segregation of active cases, especially from intimate associa- 
tion ^\ith cluldren. 

Hygiene of upper respiratory tract. Correction of aeration defects. 
Tonsillectomy if indicated. 

Education: pliy!5ician.s, parents, school tcaclicre. 

Periodic bealtli c-vainmations. 

Rift Valley Fever. 

Virus 0 / Rijl Vnlky Ftver. 

Quarantine of sheep in endemic nrcas and in transport to uninfected 
areas 

Inspection of meats in slaughter hoavs. 

Precautions in handling infected amnials (sheep) and their tissues and 
discharges. 

Cleanhiicss of hands. 

Ringwom (see Fungus Dtscascs). 

Rocky Mountain Spotted Fever. 

Dem/ieentroxcm$ riekdltia 

Tick erailieation and control. 

Prevention of tick bites. 

Prophylactic active immunization with virus from ticks holds promising 
results for the future. 


Rubeola, (see Measles), 

Salmonella Infection. 

Salmonella, spp. 

Thorougli cooking of meats. 

Piateurization of milk and dairj' products. 

Purification of water. 

Household precautions' refrigeration, cleanliness. 

Rodent control (S. tijphi-murium). 

Fly and vermin control. 

Concurrent disinfection of discharges and contaminated articles from 
human cases. 

Detection of human carriers and sanitary control of food Iiandlers. 
Personal cleanliness. 


Scabies. 

Sarcoptes scabiei. 

Person.sl cleanliness. 

Avoidance of contact. 

Prophylactic autisepsi-S. 
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Scarlet Fever. 

Slreptococms sairlalinx. 

Notification. 

Isolation of patient for four weeks from api>earance of rash, and 
thereafter until all complications have subsided and all abnormal dis- 
charges from ears, nose, thrdat, or other Ixidy surfaces have ceased. 

Adult contacts quarantined for one week from last date of e\|H)sure if 
a school teacher and non-inimune. 

Non-iminune child contacts cannot reenter scliool unless living away 
from home one week, and continues to li\e away from home. 

Concurrent disinfection in the sick-room. 

Terminal disinfection. 

Pasteurization of milk. 

Quarantine of infected cattle. 

Hygiene of the nose and throat. 

Prophylactic immunization by lo\jn (active), or antitoxin (passive) in 
contacts. 


Schistosomiasis (sec Fluke fiifcctions). 

Seven-day Fever. 

Leplospira kcbdomadi$. 

Rodent control: field mice in endemic areas 
Attention to skin wounds, antisepsis, particularly to mou«o bite. 
Avoidance of contact with w'ater and materials contaminated witli 
mouse urine. 

Precaution in handling urine and blood of infected humans. 
Disinfection of urine. 


Sleeping Sickness (sec Tr>'i)auoH>miasi&). 

Smallpox. 

Virus of Smallpox. 

Compul«ory vaccination of scliool children. Revaccinatioii of the 
public during epidemics. 

Vaccination of infants. 

Revaccination every seven years. 

Notification. 

Isolation of patient for three weeks from on«et of disease and there- 
after until all crusts have disappeared and the skin has healed. 

All contacts shall lie quarantined until three weeks have elapsed from 
the date of last exposure unless immunized by a previous attack, by a 
recent successful x'sccination, or showdng the immunity reaction 

Land and sea quarantine espcciaUy during higli incidence of the disease 
in districts from which the individuals have come. International regu- 
lations. 

The use only of immuncs for attendance on the sick. 

Strict precautions in the sick-room. Cleanbness, protecting gowms 
and gloves. 

Concurrent disinfection. 

Terminal disinfection. 


Sparganosis (see Tapeworm Infections). 
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Spirochetosis icterohseioorrha^ca. 

Leptospira iclcrolmnorrhagien. 

Riit control. 

Avoidance of hatlilnR in contaminated water. 

Protection of food aRain^t contamination by wild rats and mice. 
DiMnfpctiou of fecen and urine of infected cases. 

Personal cIoiui!mc<s. 

Proplij lactic active immunisation by killed culture vaccines have been 
tried by Nogudii in Japan. 


Sporotrichosis. 

Sporotrirltum, bjip. 

Dninfection of disclinTgca and euntaininatcd dressings and other 
articles from infected cases. 


Staphylococcal Infections. 

Sluphyloiocciis, spp. 

\’cT«vTiri\ <>5 vsVvn and Ttvatons mmtn&’W*- 

Hygiene of eye, car, no«o and throat, genitalia. 
Siiwcal anti'-epsis and asipsis. 

DiMiifection of di'Chargcs and contaminated article^ 
Treatment of focal infections. 

Immodiatc attention to and care of all vvouncU. 
Pnsteurlxatlon of milk and dairy products. 
IlcfrigcratioD of foods. 


Streptococcus Infections. 
Slreptococeut lusmohjltcus (v'ar. pyogciut). 
SlrrplocoKUS cjn/lcmiait. 

Slreplocoeeus piridant 

N'ose and throat hygiene. 

Individual toilet articles 

Hygienic habits coughing, spitting, kissing. 

Cleanliness of Iiands. 

Sanitary disliwasliing and preparation of food. 
Control of food h.andlers. 

Refrigeration of food. 

Pasteurization of milk and dairy products. 
Purification of water 
Isolation of infected cows. 

Isolation of cases of streptococcic sore throat. 
Concurrent disinfection. 

Sterile conduct of childbirth and puerpcnuni. 
Sterilization or antiseiwis of all noundi. 
Surgical antisepsis and asepsis. 


StroDgyloidoris. 

Slrongyloides stercoralts. 

Cleanliness of liands contaminated with earth or feccs. 

Sanitary disposal of niglit-roil _ • j -i 

Washing and cleansing of raw foods grown in contaminated soil. 
Cleanliness of food handlers 
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Syphilis. 

Treponema pallidutn, 

Thoroxigli treatment of cass. 

Notification. 

Follow-up of contacts. 

Sanitary regulations governing food handlers, barbers, hair dressers, etc. 
Premarital health certification. 

Periodic liealth examinations. 

Routine Wassermann tests in megnanev'. 

Venereal prophylaxis; soap ana water; calomel ointment (33 per cent). 
Condom. 

Control of prostitution. 

Sex-hygiene education. 

Sanitarj' regulations governing cuinmnn drinking cups, towels, etc. 
Avoidance of contact: kissing, nursing, etc. 

Disinfection of discharges and eont.aininatcd articles of infected cases. 
Abstinence from intercourse during infective stages. 

Tabardillo (see Typhus FcN'cr). 


Taeniasis (sec Tapcivonn Infection), 

Tapeworm Infection. 

Diphyllobolhrium lalum. 

Refraining from eating raw and undercooked fish in endemic areas. 
Thonnigli treatment of human caw. 

Sanitary excreta disposal. 

Sanitary regulation of fi«h markets. 

DiphyUobolkrium tnansoni (Sparganosis). 

Purification or sterilization of drinking and cooking water in endemic 
areas. 

Abstinence of the use of frogs and vertebrates as healing applications. 
Disinfection of discharges from human lesions. 

Illfmenolepis mna. 

Personal cleanliness, particularly on the part of children living in 
crowded quarters. • 

Prevention of contamination of food by infected humans. 

Rodent control; prevention of access of rats and mice to food. 
Sanitary feces disposal. 

Txnia saginala (beet tapewonn). 

Market inspection of cattle meat. 

Tliorough cooking of meat. 

Sanitary excreta disposal. 

Prohibition of cattle from grazing on contaminated pastures, 
^orough treatment of human cases. 

Txnia solium. 

Market inspection of pork products. 

Thorough cooking of pork meats. 

Sanitary excreta disposal. 

Sanitary care of pigs and pig-pens. 

Personal cleanliness of food handlers. 

Thorough treatment of human cases. 

Sanitary regulations in the preservation of pork products for sale to 
the public. 
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Tetanus. 

Clostridium kluni. 

Immediate antisepsis or surgic.al care of all wounds, parltctilarly tlioso 
hliowing maceration and devitalizatioo of tissues (crushing, cartridge or 
fire bums); punctures (nads, gunshot, etc.). 

Preventiv'e passive immunization witli antitoxin if indicated. 

Active immunization nith tetanus toxoid of those cxiKised to particular 
liazards; soldiers, liostlcrs, farmers, etc., and to those already found 
hyjiersenbitive to horse bcnim. 

Individual precautions by ii.andleis of stock animals. 

S.anitary regulations governing maniiracturc. inspection and certifica- 
tion of surgical sutures, umbilical tiiics, v-accines and other materials 
made from animal products. 

Care of the umbilical cord at birtli. 


Thrush (sec Moniliasis). 

Tinea (bcc Fungus Infections). 

Tomla Infection (sec Cryptococcosis). 
Trematodes (mc Fluke infections). 

Trench Fever. 

RickcUsin quinlana. 

Delnu&ing. 

Personal cleanliness. Care to present crushing of body hcc. 
t’reventioii of access of body lice to trench fever patients. 
Vermin control. 


Trichino^ 

Tnchndla spiralis. 

Consumption of only thoroughly cooked pork meats (one-half hour 
cooking for each i>oiind of meat). Same applies to wild boar, bear and 
venison meats. 

Sanitary regulation of pork meats for sale. (Cooked or refrigerated 
at 5® F. for not lest, than twenty days). 

Market inspection of meat H of questionable value. 

Rat control, particularly around pig pens. 

Only cooked ineaU> and garbage fur pig food. 

Tnchocepbaliasis. 

Trichoccphalus tnehiuns. 

Treatment of liuman whip-worm cases. 

Sanitary excreta disposal. 

Cleansing and dLsinfection of raw vegetable foods. Sterilization of 
fruit. 

Personal cleanliness, particulariy of food liandlers. 


Trichophytosis (see IHingus Infectious). 
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Trypanosomksls. 

Trypanosoma cruzi (Chagas’ disease). 

Treatment of infected cases. 

Control of the bug, Pansirongylua megitlus. In its native habitat and 
prevent access to humans. 

Destruction or control measures directed a^iust armadillos, opossums 
and bats in endemic areas. 

si»pi„g .ick„cs. 

Glossina (tsetse fly) control. 

Mosquito bars. Head nets and other protective coverings. 

Treatment of infected cases. 

Segregation of the infected cases. 

Control of animal reservoirs. 

Mass movement of populations. 

Tsutsugamushi Disease. 

Rkkeltsia nipponica. 

Clearing of areas by cutting out and burning before opening for culti- 
vation in endemic regions. 

Control of the water rat. 

Protective mite-proof clothing. 

Antiseptics to mite bites. 

Steriliration of clothing and utensils worn and used in tlie fields. 

Tuberculous Infection. 

Mycobacterium lubcrculosU v’ar. komtnis. 

Notification. 

Treatment of open cases to render the sputum bacillus free. 
Segregation of infectious cases. Search for contacts. 

Removal of infants and children from known active cases, parents, 
relatives, school teachers, etc. 

Hygienic habits of coughing, sneering, spitting. 

Sanitary ordinances against spitting and the uwj of common drinking 
cups. 

Regulation of food handlers. 

Periodic health c^minations. 

Disinfection of discharges and contaminated articles of active cases. 

‘ Pasteurization of milk and dairy products. 

General personal hygienic measures: rest, adequate diet, sunshine and 
fresh air; prevention of fatigue. 

Care during pregnancy; intcrcurrcnt illness. 

B.C.G. vaccine in infancy. 

Tuberculin testing and case finding, 

Mycobaderium tuberculosis var. bovis. 

Cattle herd inspection. Tuberculin testing. 

Isolation or destruction of infected animal 
Sanitary meat inspection at slaughter houses. 

Pasteurization of milk and dairy products. 

Cleanliness of cow stables, milking bams, utensils, milkers. 

Regulation of food Itandlers. 

Disinfection of discharges and dressii^ from infected individuals. 
Household precautions in preparation of foods, sterilization of dishes. 
Sanitary excreta disposal. 
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Tularemia, 

PasUurella tularemis. ■ 

Rodent control. 

Tick control measures. 

Precautions in handling animal litdes, furs, skins and blood. 

Notification. 

Isolation of infected indinduals. 

Concurrent disinfection : discharge*, contaminated articles. 

Prevention of droplet infection. 

Cleanliness on part of attendants. 

Precautions in liandlmg laboratory' animals and cultures. 

Typhoid Fever and Paratyphoid Fever. 

EbcrtkcUa typhi. 

Salmonella paratyphi (Paratyphoid A). 

Salmonella sehoUmnlleri (Paratyphoid B). 

Samta^ cTcreta di^po-S-il. 

Detection and regulation of carriers. 

Purification of the n*atcr supply. 

Cleanlincaw in preparation of food. 

Personal cleanliness, particularly m regard to the hands after using 
tho toilet. 

E'rtermln.'ilion of fiie* and protection of food from flies. 

Sanitary regulation of markets, restaurauta, lunch counters, hotels, etc. 

Thorough cleansing and disinfection If necessary of uncooked, leafy 
vegetables. 

Clertlfication of food handlers. 

Notification. 

Isolation of cases of typhoid fc\xr for one week after subsidence of 
clinical symptoms and thereafter until tno eucccssivc negative stool and 
urii^e curturcs, secured at an intanxl of at least one week, have been 
obtained, provided that a person who continues to ho a carrier may be 
relea«ed tinder supcn'ision of and after special permission by the Board 
of Health. 

Food handlers living in a family in winch a case of typhoid fever exists 
shall be excluded from thrir occupation so long as they continue to hve 
in the same hou*e in w hich the ca-*e exists 

Concurrent di«infection in (he sicL-room. 

Personal precautions on the part of attendants. 

Terminal disinfection. 

Active immunization with Typhoid and Paratyphoid A and B vaccines. 

Typhus Fever. 

RKkeltsia prowazeki. 

Notification. 

Isolation of patient with typhus fever in a room inaccessible to rodents, 
or beneath netting. 

Delousing of indinduals, their clothing and environinent, when living 
in crowded unsanitary conditions. 

Rat control. Domestic and municipal 

Personal cleanliness. Care in brushing fleas and lice oil of the body 
so as not to crush them. 

Sanitation of army barracks, refugee camps and the like. 

Clearance of fields, cane brakes and plantations of various kinds of 
underbrush and grasses harboring fidd mice and other rodents and ticks. 

Avoidance of tick bites. 
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Active immunization by vaccine has been demonstrated to be possible 
but Ls at present at a stage of development that does not permit positive 
statements on its value. A virus-serum mixture is in the expenmental 
stage. 

TJndulant Fever. 

Brucella abortus vars. ion'nc and porcine. 

Brucella melitensis. 

Specific testing of cattle, goats and swine for brucellosis. Elimination 
of positives. 

Pasteurization of cow ’s and ^at*s milk and dairy products made from 
them. 

Slaughter house and market inspection for infected hog meat. 

Sea and land tjuarantine of imported animals. 

Precautions in handling infected animals and their discharges. 

Sanitary’ regulation of stables, bams and animal compounds. 

Personal cleanliness among food handlers brought in contact wth 
herd animals which may be a source of infection. 

Notification. 

Isolation of the infected patient. 

Concurrent disinfection of all discharges and articles coming from 
contact with the patient. 

Quarantine of patients until their urine is free from the specific organ- 
isms. 

Varicella (sec Chickenpox). 


Verruga Peruana and Oroya Fever. 

Bartonella bacilliformis 

Isolation of patient under a mosquito net or in a screened room. 
Disinfection of dischaiges, contaminated dressings, and articles in 
contact with the patient. 

Control of the sand fly and other vermin{?) 

Vincent's Angina. 

Treponema vineenli (?) 

Fusiform bacilli (?) 

Oral hygiene and dental hygiene 

Personal cleanliness in intimate contacts with infected individuals. 
Sanitary rotations regarding common drinking cups and other 
utensils. 

Sanitary regulations governing Sjemi-pubhe and public eating places. 
'Househo'id hygiene m regard to all uteasha liely to be brought to the 
moutli or contaminated food. 

Indu'idual tooth-brush, tooth-picks, etc. 

Treatment of infected indmduals. 


Weil’s Disease (see Spirochetosis Icterohamoirhagica) . 
Whooping Cough. 

Hemophilus pertussis. 

Notification. 

Isolation of patient for three wedss from beginning of spasmodic cough. 
Concurrent disinfection in the sick room. 
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Non-immune cliild contacts excluded from school for two weeks from 
last exposure. 

Practical segreRation of infants from older children. 

Prophylactic immunization by vaccine as soon after expfjsure as possible 
or as lonR before anticijuited exposure as practical. An unaltered anti- 
genic extract of II. pertussis is in the experimental stage. 

Prophylactic human adult immune serum after exposure. 

Prevention of drojilct infection. 


Wound Infection. 

Pyogenic Orgnnisms. 

ClostritUum klani. 

Clostridin of Gas Gangrene 

Immediate attention to all external wound-) with soap and water and 
sterile dressings. 

Surgical care of wounds and antisepsis if indicated. 

Personal pniphylaxi-s by skm cleanliness 
Mixed antitoxic prophylactic sera wlicn indicated. 


T&ws. 

Treponema pcrtenuis. 

Avoidance of contacts nilh infected individuals, eb]>ecially child 
contacts. 

Protective dressings. Disinfection of discliargcs, dressings and con- 
taminated clothing 

Early treatment of patients and elimination of surface lesions. 
Prevention of contamination of bath water 
Individual toilet articles. 

Personal cleanliness, 

Ey control. 


Yellow Fever. 

Virus of Yellow Feier. 

Aides mosquito control. 

Jungle mosquito control in regions here jungle yellcnv fever is endemic. 
Quarantine and disinfection of all common carriers coming from 
infected regions. 

Quarantine of individuals not certified safe by port authorities at point 
of embarkation International rcgiiLatiuns. 

Notification. 

Isolation of patient in mosqiiito-proof quarters. 

Avoidance of mosquito bites by attiHidants. 

Pa-soiv-c prophylaxis by adult human immune scrum. 

Ilindle's propliylactic vaccine is in tlie trial stage. 
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CATEGORY VI: PSYCIIOBIOLOGIC AND BIOSOCIAL 
FACTORS AND THEIR EFFECTS. 

The conception of man as a psychosomatic unit implies that the 
total individual is a continuous organization of structures and func- 
tions ranging from those of the lowest physiologic level to the highest 
mental attributes. 

It assumes that there is no material difference between body, 
mind, a reflex act, a voluntarj' movement, a ph\ siologic or a psycho- 
logic function except insofar as these distinguish different functional 
manifestations of his total organization but appearing and operating 
at different levels. 

This continuous unity of man can be extended to include his 
environment so that he l>ecomes a functional part of a greater 
organization made up of himself, his fellow men and his material 
environment. 

Every part and function of man is dependent on its subsidiary 
functions and each of these in turn is limited in its operations by 
functions higher in the scale. This assures internal equilibrium of 
the body. 

In the same way, the individual contributes bis part ns a function 
of his social and environmental complex and must live within the 
restrictions of this greater organization. Bj so doing he finds him- 
self in equilibrium with the world about him. 

But neither his internal organization nor his external relations 
are static. The body-mind unit is in a perpetual state of flux in 
which the relationships between its functions are constantly shifting. 
There is a continuous adjustment and readjustment between func- 
tions to meet changing demands. The socio-environmental flux 
is just as variable anti the individual psychosomatic unit in it 
partakes of all realignments necessitated by the changing conditions. 

In the opening section of this work health was defined as a state 
of relative equilibrium in body form and function tvhich results 
from its successful dynamic adjustment to forces tending to disturb 
it. The psychic or mental level of the psychosomatic unit is not 
exempt from this definition. Moreover, socio-environmental health 
may be expressed in the same terms. The individual in dis- 
equilibrium with his biobocial environment must restore himself or 
suffer the consequences of social ill-health. 

Examination of the disturbances of equilibrium arising in the 
psychosomatic unit itself, or due to biosocial factors originating 

( 013 ) 
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from ^^itIlout will constitute the present categorical approach to 
the causes of disease. 

Man ns an adaptive orgsimsm, is required to fulfill certain nec- 
essary conditions existing Iwtwecn himself and Ins environment, 
ntid between the integrated mechanisms of his growing body. 
In these cx'fernal and infernal adaptations man satisfies or dissatis- 
fies conditions which appear in the course of his development and 
growth under the limitations of his genetic endow'raent. If he 
lives he must grow to an adult human l)cing; that he does so at all, 
perfectly or imperfectly as the case may be, depends upon his 
equipment and the nature of the environmental factors that act 
upon him. In the course of his growth, and bj virtue of his genetic 
and environmental interactions, he necessarily possesses certain 
intrinsic needs that must be satisfietl; his tissues must be nourished; 
lie nnibt eliminate waste products, he must he able to react to all 
important internal and e-Ktemal stimuli; he must manifest a rela- 
ti\ely well-balanced physiologic mechanism, his intelligence and his 
ability to remember, form judgments and relate himself satis- 
factorily to his social en\ironment, must be of a relatively high 
order. Tliese arc real reetls, and the satisfaction of them is essential 
and common to every man. When they arc not met the mdividtial 
departs from the normal in those fiuictions mostly involved and the 
failure to fulfill the needs is manifestwl bj ph> siologic, psychologic, 
and sociologic signs and symptoms of the abnormal. 

Since man is a ps\ chosomatic unit, it is postulated that each need 
of the organism pervades the whole organism whether the need 
arises primarily from a demand on a low phjsiologie level or is 
impressed on it from w ithout as a neccssiiy response to a situation 
as elevated as a difficult ethical judgment. 

Because many of the physiologic functions are carried on in an 
entirely satisfactory manner without entering the realm of con- 
sciousness, attention to them must be left temporarily with the 
more distinctly physiologic portions of this book. On the other 
liand all factors will be considered which involve the functions of 
the orgjinism in its intelligent control o\er itself, the conscious 
response to .situations, the coloring of bchai’ior in response to 
physiologic needs which require conscious cooperation or can affect 
the conscious or subconscious self, and every factor which can 
influence the higher levels of the psychosomatic unit. • 

Tlie analysis of the psychobiologie an<l biosocial factors falls 
readily into three divisions of study : (1) The primary and secondary* 
needs of the human organism which demand satisfaction on the 
psychobiologic and biosneial lewis; (2) the capacities and equip- 
ment of the organism with which it can satisfy these needs; (3) 
the internal and external influences which modify the satisfaction 
of the neeils by favoring, obstructing, inhibiting, or diverting the 
natural expression ot them. 
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1. THE NECESSARY SATISFACTIONS. 

Biology recognizes the existence in animals and man of certain 
types of behavior that appear to have a strong psychic component 
but are unexplainable on the basis of acquired reasoning or the use 
of mental processes which might have resulted from previous ex- 
perience witli the situation concerned. These behaviorisms have 
been called instincts, a term which explains nothing but implies 
innate ability of unexplained origin. More recently the attempt 
has been made to explain some of them at least, as responses to 
needs which originate in the organism and require satisfaction by 
the use of mechanisms involving functions on the ps> chobiologic 
level. Thus the instinct to satisfy hunger is a response to a need of 
the whole organism expressed through certain psychobiologic 
mechanisms that are set in motion to acquire nutrient and satisfy 
the demands. In the human infant the instinctive ability to suck 
the breast is a manifestation of such a need — satisfaction complex. 
If it is unsatisfied the infant shon-s evidences of dissatisfaction on a 
level higher than simple physiologj-. It seems theoretically accept- 
able to look on some instinctive acts as an attempt to restore physio- 
logic imbalance within the organism in a manner made possible by 
inborn patterns of behavior. 

There are no satisfactory criteria by which behaviorisms can be 
placed ^sdthout question in the instinctive category. They reveal 
themselves on all levels and in\'olve var,\’jng degrees of associated 
psychic manifestations which are confusing in their complexity. 
The tendency therefore is to reduce the number of instinctive needs 
to as few as possible and to allow for a number of comple.t, but 
apparently basic reactions superimposed upon them. Thus, home- 
making is exceedingly complex but may be primarily a need to 
satisfy a physiologic imbalance in the gonad-soma complex on which 
has been erected a whole series of behaviorisms determined by ex- 
perience, learning, precept, and social e-\pediencies. 

The most basic physiologic needs arising within the organism 
which determine the instinctive reactions are those associated with 
hunger, elimination, lactation, and sex. They all involve functions 
of the psychobiologic level, invade the provinces of awareness and 
consciousness, and are subject to higher nervous system control, 
direction, and modification to meet particular situations in time and 
place. 

Tliese instiiictiv'e needs are common denominators of all humans. 
If it is possible to speak of primarj' and essential causes within the 
processes of the psychosomatic unit, these come nearer to being 
such than any other known factors. Without the need to satisfy 
physiologic imbalances it is difficult to see how any other activating 
causes could set the higher functions in motion to attain the end 
they do. But behind the mechanisms of the instinctive action 
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tendencies tliere arc further effective cause's which briti}; about the 
imbalances. Tlic withdrawn! of food for cxnmple, or the action 
of some other disease agent may produce pndonged .starvation ^^itll 
its accomp.inying imbalances and the psychic reaction of hunger. 
The latter then operates as an effective cause to initiate the processes 
through which the requirements in.iy.be satisfied. The instinctive 
action tendencies are tlierefore best looked upon as end processes and 
not like the relatively simple factors nhich have been considered 
in the other categories of the causes of disease. In fact, it is largely 
due to the other categorical factors that the psychobiologic factors 
arc brought into play by disturbance of the mechanisms on which 
the action tendencies are basetl. 

The superstructures built on the instinctive needs are acquired 
responses which participate in bringing almut the necessary satis- 
factions. They are, to a great extent, learned reactions in the sense 
that without experience they would probably not appear with the 
same complexity and would lose much of their deliberate character. 
The e.xample of homcmaking will again be taken. 

This complex act inaj satisfy the sex and hunger needs but is not 
essential to either of them. However, in the society in wliicli the 
individual is found the making of a home in which he can live w’ith 
his mate and offspring is deliberately undertaken hecauic it satis- 
fies both his basic needs and the habits of the society. In any given 
society these habit customs are so strong that compliance with them 
becomes almost automatic. It is in this sense onl> that they can be 
callecl instinctive tendencies. ITie instiiicti\e needs underlie them 
Init the manner in which they are fulfilled is not oshcntial from the 
point of view of the individual. But societ\ may lay sucli high 
values on the methods of satisfaction that they become accepted ns 
the necessary ways of living and thereby assume the dignity of need- 
&.itisfactlons which are expected to be carried out “instinctively.” 

Among these instinctive tendencies Howan! and Patry' list 
feeding, shelter, dress and homeraaking, play, rest and sleep cycles 
or rhythms; sex organi2ation and sex tendencies; gregarious and 
social instincts (the asexual intcrdejjendence, attachment and 
aversions); the defense or attack and submission reactions; vocaliza- 
tion, language, thought or setondarj’ symbolization (imitation, 
intercoinmunicatfon). 

These reactions and tendemdes are no less real to the individual 
who is aware of them tlian the underhing instinctive demands of the 
unconscious. Biologically they are inferior to truly instinctive 
reactions because they l.'ick the inevitability of the latter. That is, 
tlie form in wliich the instinc-tive tendencies manifest themselves 
depend not on their origins but cm other determining factors such as 

' Howard, F E . and PaVry. E. E Meniid New York and l/mdoi', 

Harper & Brothers, 1035 
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training, mimicry, education, social value and emotional bent- 
They may in fact be so distorted from the original directions of 
usefulness that they fail to have any determinable survival value 
for the individual or the race, and may actually become lethal or 
nearly so. 

It can probably be said that true instinct is always right but that 
the manner in which it is fulfilled will be useful only insofar as the 
modifying factors satisfy the logic of the instinctive drive. 

An important need of the organism is to respond to stimuli 
through reflc-x acts. Most reflex acts take place in the unconscious 
on physiologic levels but many pos.sess associations with the higher 
cerebral centers so that the reflex process may enter consciousness 
during some phase of its operation. Furthermore some reflex acts 
can be consciously controlled to a certain degree. 

The nature of the reflex demands that once the stimulus has acted 
there must be a response. The reflex act is ordinariK vivid and 
short-lived and if unimpeded, spentls its energies rapidly, ^\'heneve^ 
some factor interferes with this unimpeded response it iidiibits the 
expenditure of the energies or diverts them into collateral activities, 
and consciousness of the sensations and physiologic responses that 
result constitutes emotion. Emotion is therefore more than a 
reaction to a stimulus; it is a complicatetl response to the situation in 
which the stimulus was involved. If the simple physiologic reaction 
to the stimulus is the only reaction to it no emotions will be aroused. 

The reflex acts are primarily protective to the organism and 
interference with them may be <listinetly harmful. The animal 
frightened by its enemy to the point where it is “glued to the spot” 
is in a precarious position because emotion has inhibited the natural 
reaction to run away. In man every shade and degree of emotional 
reactions occur, some highly valuable and others dangerous to the 
point of jeopardizing his existence. 

All of the foregoing nee<ls have their basic origins in the psycho- 
biologic mechanisms below the level of awareness. Many, if not all, 
involve degrees of conscious reaction and thereby reveal the par- 
ticipation of the psycliic component to some extent. Some possess 
so much of the psychic aspects that tJje initiating physioJcgic 
mechanisms can hardly be recognized. All possess the common 
characteristic of being part-functions of the whole organism, 

'\^^len tlie psychosomatic unit is taken as a whole it is found that 
it, like its subordinate functions, possesses a value in relation to its 
whole existence. This has been so well recognized by all races of 
man that every culture has resorted to some device to justify' man’s 
existence. It has always been considered necessary by man to 
explain himself; to ascribe some purpose to his existence. Biologic- 
ally, this idea has been expressed in the principles of evolution; the 
adaptive necessities of the successful organism; the response of tlie 
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living unit to some biologic urge, drive, or cosmic attraction which 
makes it develop in spite of itself. The human being cannot keep 
itself from growing ami reacting except by self extinction. As a 
cosmic unit it is tliercfore responding as a whole to a cosmic need. 

In response to the sum total of the biologic needs the normal, 
average human adult has reached a certain physical-mental-.sociaI 
stature. Growth at all levels has been unimpeded. He has grown 
within his genetic pattern under the influence of his environment 
and succeeded in reaching the desired level of his race. The physical 
proportions of his body, the completeness of his physiologic equip- 
ment, the perfection of his higher nervous system and his adaptions 
to his environment have made it possible for him to attain whole- 
some maturity. 

Behind this perfection lies the fundamental biologic need to reach 
it as a fair tj-pe of his race, nie idiot, imbecile and moron, are 
failure types of serious gra«le. The p3>’chopathic personalities, 
psychopaths and delinquents are peivereions of the type. The 
deaf mute, the epileptic, and the physical defective are partial 
failures of the type on tlte levels affectwb 

From the time a new individual is conceived it is faced with the 
biologic necessity to go on to full maturity. The survival of the 
race depends on how many succeed in satisfying this need. Con- 
sciousness of the need is awakened from time to time and is expressed 
in thought and action but it is attained mostly by unconscious 
responses to the lesser necessities arising in the subordinate func- 
tions of the unit. Conscious awareness of failure and inferiority, 
and social feelings and behavior ore indications that the organism 
as a whole can recognize an interna! personal need that has been 
thwarted. Conversely, ambition, success, attainment of desires, 
and superiority breetl satbfaction and the happy feeling that the 
demands of the personal ne«l have been met. 

Concurrent witli in<]ividual growth and development there appears 
a complex of necessary participations in society. Man is a social 
organism and his adaptation to society is as necessarj' to the full 
expression of his functions as adaptation to the non-social environ- 
ment. This too, may be expressed in terms of needs. Without the 
opportunities for association with his kind, the exchange of ideas 
and intercommunication, the expression of bi-sexuallty and all of 
the concomitant institutions built upon it, and the restrictions, 
limitations and privileges imposed on him by the social order, man 
might develop as a human but it is difficult to believe that he would 
be a full-functioning specimen of Homo sapiens. If it were possible 
for a human being to be raised witli the apes, and the apes alone, 
and grow to maturity among them he might with good luck reach 
physical perfection but he could never complete the recapitulation 
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of his race. He could have no human children and could never 
knou’ the fulfillment of his social nature. 

Man does not live with man simply because he wants to or is 
forced to do so by man. His social predilections are based on 
biologic necessities as much as his appetites are founded on physio- 
logic needs. This “living-togetherness” is taken to imply a human 
need which demands some degree of satisfaction, the more har- 
monious the better. 

In summary, man is a bundle of needs. His physiologic equip- 
ment sets up necessary responses to stimuli which create demands 
upon it. If the demands cannot be met in a satisfactory way the 
tt hole organism suffers. Within himself he possesses certain primary 
necessities characterized by the need to restore equilibrium in some 
of his functions. In the satisfaction of these neetls he is forced to 
act in wajs dictated by the behavior of his race and the almost 
unconscious manner in which he does so gives rise to the conception 
that they are instinctive. Although these behaviors result largely 
from unconscious reactions to whole situations they frequently 
reveal the participation of the psychic conscious component in 
them. Above, or probably beneath all of these, is the biologic 
urge to grow’ and accomplish. Man cannot ignore this urge if he 
will other than by self extinction. On the highest level he must 
conform to his racial obligation to live socially. 

On whatever level he may meet with contradictions in the satis- 
faction of his needs, man gets in trouble. His psychosomatic unit 
mi$i respond, and it is the realm of preventive medicine to make the 
way smooth for effective complete satisfaction of all basic neetls. 

H. THE EQUIPMENT AND CAPACITIES. 

The sine qua non of a satisfactorily functioning psychosomatic 
unit is a good physiologic mechanism through which it can express 
its needs. The potentialities for response must be present in the 
materials intend^ to express them and the capacities for expression 
must be of an order to permit the individual to realize at least the 
average attainments of his race. The ament possesses no more tl^an 
the basic animal potentialities for simple existence and the imbecile 
is so lacking in mental capacity as to be educable within very narrow 
limits. The deaf mute is so handicapped with poor physiologic 
equipment that it is only under the rarest circumstances that it ever 
approaches the level of average expression in spite of otherwise 
adequate inborn potentialities. The individual with physiologic 
iiicompetencies of a lesser decree than any of these may compensate 
for his lack but frequently does not. 

Failure of the psychobiologic mechanisms can result from harmful 
factors operating through the germ plasm or on the developing 
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zygote. Tlic'ie will be found among the hilicritance factors, defects 
of nutritive elements, tlie action of poMiii.s. the elfects of physical 
forces and energies, the result of infective parasitic agents and the 
psychobiologic and biosocial factors, 'llic manner in which these 
causative factors operate Jias been extensively reviewed in the 
preceding sections of this booh. The present concern is with their 
cfTccts on the organism insofar as they interfere with functions 
necessary for expression on tlic psyehobiologic level. 

It 1ms been repeatedly assertetl that the entire body acts as an 
integrated mechanism. This implies that not only the integrating 
nervous system is involved but every organ, structure and function 
of the body. However, many defects are so minor or are present in 
structures whose fiinetions are .so remotely removed from overt 
expressions manifested through the pay chobiologic mechanisms that 
they can be overlooked in this discussion. For example, a simple 
malformation which produces no feeling of embarrassment or 
inferiority in its possessor will occasion no abnormal psychobiologic 
behavior of any importance. On the other hand a hate-lip or club- 
foot may result in serious mental states in individuals who are 
socially handicapped or einbarras.se<l by it. It woulil be impoa-sible 
to list all of the defects w liich might influence feelings and behavior, 
nor would It be a practical list because a single defect might prwluce 

f sycliic reactions under one set of circumstances but not another, 
n general, any visible defect or one otherwise Incapacitating or 
revealing itself in any way is potentially able to invade the psychic 
sphere. 

Of far greater Importance to psychobiology are those alterations 
of structure or function which directly Involve the mechanisms 
concerned in the need satisfactions; metabolic and assimilative 
processes; eliminations; sex responses, locomotion and apprehension; 
endocrine functions; reactivity of the vegetative and sensori-motor 
nervous systems, special sense apparatuses; the higher intellectual 
centers. Organic and functional changes in these mechanisms almost 
invariably show themselves in overt psychic abnormalities. 

General metabolic di‘>eaM?s such as diabetes exert special demands 
on psyehobiologic functions. The diabetic is so disarranged in his 
appetites that he cannot avoid the necessity of reorganizing his 
regime to meet the imbalances of metaliolism. If he conforms to the 
demands for excess sweets he slips into dietary satisfactions which 
are diametrically apposed to what he should do. If, on the other 
hand, he attempts to control his condition under medical supervision 
he is faced with re.strictIons which may be almost unbearable. 
Nervousness and irritability are characteristic of the uncontrolled 
diabetic. 

I’rimary gastro-intestinal disorders often involve psycluc reac- 
tions to the altered appetites. The patient either refuses to eat 
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because of discomfort or has inordinate cravings. He may become so 
particular in regard to certain foods that the total dietary becomes 
inadequate and may lead to ewn more serious imbalances. The 
choleric dyspeptic typifies the psychic changes characteristic of this 
group of disorders. The gall-bladder and gastric ulcer cases are out- 
standing instances of serious interference u'itli the normal demands 
of body hunger. 

There are many disorders of the eliminative processes which 
present difficulties. Habit is so intimately connected with elimina- 
tion that any marked change in the riddance mechanisms is likely 
to disorder the accustomed adaptations. Urgency creates its o\\n 
problems and sometimes supreme mental effort is required to bring 
it under control. When it persists over a long period many of the 
old habits must he given up and this involves serioJis readjustments 
which may not al^^ ays be taken calinh'. 

Defects of the gonads and sex apparatus reflect themselves on 
almost every psychobiologic level. The sex functions (considered 
more widely than simple sex gratification) determine instinctive 
tendencies to such a degree that any considerable derangement of 
them will be evidence<l somewhere in the total behavior of the organ- 
ism. The manifestations may be limited to the personality or may 
seriously disturb the relationship of the individual to his social 
environment. Without attempting to outline t))e possible defects 
of the gonads and their results it is sufficient to recall the wide 
changes in physical type and psychic beha\ ior of the eunuch and 
liermaphrodite. Secondar.%' disease of the sex organs and even the 
secondary sex characteristics arc often accompanied b.\ psychic 
trauma. The first offender w ith gonococcal urethritis is ps> chically 
disturbed out of proportion to the seriousness of the disease and the 
woman with pelvic disoixlers of static mechanical nature is mani- 
festly liable to psychic derangement. Bisexual maladjustment due 
to sex defects is one of tiie most potent causes of personal unrest and 
unhappiness and underlies many of the maladjustment problems 
between marriage partners. 

The human organism de|)eiids so largely on the abilit.v to move 
about, grasp f?bjects, and heJp itself, tJjat any ahnornial ctfnd/tion 
of the motor apparatus places restrictions on the satisfaction of 
needs through its use. 

Limitation in the muscles, bones and joints are embarrassing to 
the psychobiologtc unit which depends on their functioning properly. 
The lack of responsiveness may prove serious when response is 
necessary for the safety of the organism. Not to be able to flee 
from danger or to draw’ the hand reflexly away from the fire is dis- 
concerting to the threatened indi\’idual as a whole. The recently 
crippled may be so stunned by his restrictions that psychotherapy be- 
comes a more immediate necessity than any other form of treatment. 
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Coordination of the functions of the human organism is obtained 
tlirougli tlie integrating enefocrine and nervous system mechanisms. 
Tlicse two systems are mnttjally interacting aiul arc the mediating 
mcclianisms between all other functions of the body. 

On the higher levels of the organism action is largely in and 
through the nervous system but is by no means confined to it. 
This assures rapid integration of Uic whole psychosomatic unit 
from which no part is exempt. Further integration is obtained by 
means of the internal secretions which arc distributed through the 
circulating media, bnt in tins instance the spectl of action and reac- 
tion is necessarily only as fast as the regulating substances can be 
circulated. The combination of nerve and endocrine mechanisms 
adapts the organism to the necessities for sudden, precipitate reac- 
tion to internal and external stimuli and to the relatively slow, 
delllwrate, sustained reactions to netsls arising from disturbed 
internal equilibria. 

Although the organism can survive without a completely ade- 
quate nervous svstem and organs of internal secretion, it cannot 
operate as a normal whole unless tliosc essential equipments are 
normal. For example, tlie cretin svith a hypnfunctioning thyroid 
need not die, but so long as the function of that gland is abnormal 
the whole organism is abnormal. In a similar way many defects 
of the central nervous sjstero are coinpatable with life but not 
normal life. 

As with the body ns a whole there Is n hierarchy of functions within 
the nervous and endocrine sj-stems. Some parts of each are far 
more indispensable to effective existance than others. Faulty 
integration between functions leads to malfunction of all parts 
dependent on this integration, but because the importance of the 
functions varies the degree of disturbance in other parts must vary. 
Thus a defect of an important cortical center is likely to produce 
serious dysfunctions In the whole organism while a cliange in a peri- 
pheral nerve may have little general effect; or failure of the pituitary 
gtand is generally accompanied by profound bodily cJidUges but 
ovarian dysfunction may produce little more than local physiologic 
disturbance. Nevertheless it must be re-emphasized that no dis- 
turbance at any level can be purely local— the psychobiologic 
mechanism is always involved as a whole even though the change 
may not be recognized or demonstrable. 

It h assumed that the reader is familiar with the structural and 
functional arrangements of the nervous system and the organs of 
internal secretion. Likewise, the wlile field of neuropathology and 
the endocrinopatUies arc Iwyond the scope of this work. A few of 
the important departures from tlie normal equipment in these 
systems will be reviewed because of tlieir particular bearing on the 
functions of the psychobiologic mechanism. 
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The central nervous system, like all other tissues, is subject to 
developmental defects, 'fhese may result from hereditary faults or 
the action of environmental factors. Those which primarily affect 
the nervous sjstem and are listed under inherited defects in this 
vork are: Huntington’s chorea, pigmentary degeneration of the 
retina, hereditary epilepsy, feeblemindedness and insanity, lieredi- 
tary alcoholism, hereditarj’ hj’steria, hereditary criminality, 
aplasia axialis, multiple sclerosis, hereditary ataxia (Friedreich’s), 
Meniere’s disease, deaf-mutism, hereditary glaucoma, paralytic 
drooping of the eyelid, color blindness, neuritis optica progressi%'a, 
hereditary nystagmus, hereditary tremor and liabilities to dis- 
turbances of the autonomic ner\’ous system brought about by other 
precipitating factors. ^Yhile many of these, particularly hysteria, 
alcoholism, epilepsy, and criminality, are listed as hereditary it is 
probable that true inheritance pla\s but a .small part in their 
actualization and that they are certainly not inherited as such. 
Nevertheless, these tendencies give some indication that they may 
be present in the germ plasm and much more must be learned of their 
mechanisms before they can be deleted from the list. The bearers 
of such germ plasm defects may be actually lacking in important 
psyohobiologic structures or carry <lefcctive mechanisms in them 
so that the effectiveness with which they can c.xpress future needs 
is often seriously curtailed. 

In connection with the sjibject of inheritance it is frequently 
claimed that there is true race superiority and inferiority. This is 
generally referred to race intelligence or educability. Although it 
may be true that the social complexes of some races of mankind can 
justifiably be called backward and inferior this is far from saying 
that this alleged inferiority is due to lack of natural intelligence. 
There is no real evidence that any races of llovw saiyiens are rela- 
tively lacking in their intellectual capacities. Mental inferiority 
appears in individuals in eiriJized as well as backward races. 

Tlie vegetative or autonomic nervous system is peculiarly exempt 
from the lists of actual physical defects occurring in the nervous 
system. This may be because it represents the earliest functioning 
portion of the nervous system phylogenetically and is therefore 
relatively less liable to change than the more specialized higher 
nervous system functions, or that an embryo with a demonstrably 
defective vegetative system cannot live. Whatever inherited defects 
it does reveal appear to be of the nature of functional disturbance 
in the direction of increased or decreased sensitivity. With such 
a defect as a possibility it is believed that the organisms will over- 
or under-respond to stimuli involring the autonomic nervous system. 

Acquired defects of the sensori-motor nervous system result from 
any of the other possible agents of disease. Nutritional defects are 
capable of restricting psychobiologic activities to extreme degrees. 
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Intoxicants and poi-«ons can lirini; alNiut profound clianges that 
absolutely prohibit ccmtimiwl whence or so alter the nervous 
system reactivity that the individual can no lonjier express even tlie 
most primary needs of the organism. Physical traumatism, heat 
and cold, electricity, iiltra-violet, ar-ray an«I other electromagnetic 
forces, barometric pressure*, and cliinafologic factors can nil aflect 
the nervous s\stem iletrimentally. The response of the body to 
invading organisms is mediatetl to a consitlcrable degree by the 
nervous system. These agents may also invade nerve tissues directly 
and produce irremediable damage. In each instance structural or 
functional changes may be bixHight alxiut which will be manifested 
in nervous system signs and symptoms, frecpiently of serious 
magnitude. 

The glands of internal secretion occuj^' a high position in the bo<ly 
economy. These isolated groups, of c^•lls have reached such a high 
degree of .specialiration for the satKfactioJi of needs in other cells 
and tissues that any failure on their part means the withdrawal 
from the body of some of its most nec-es-sary substances. 

Unless there is a hercclitary lack of the development of the 
endocrine tissues, disturbances in their mechanisms can rc-sult 
only from effective causes operating upon them. The importance 
of this conception lies in its contradiction of the jmprcs.sion that the 
glands of internal secretion, particularly the pituitary, enjoy an 
autonomy denied otlicr tissues. They are frequently referred to 
as the "masters" of the l)ody with the harmful connotation that 
they originate the changes in themselves and are superior dictators 
of all of the bodily activities. On the contrary, the endocrines are 
the master servants of the body and respotul to innumerable com- 
mands given them from the external and internal environments 
and from each other. No endocrine organ over- or underfunctions 
withojit due cause. Their total functions arc end-processes and 
they are not themselves primarily causal. Tor this reason these 
organ secretions cannot alone constitute a category of the causes 
of disease. 

The organs of internal sc'crctlon are subject to all causative 
factors which can affect any other tissues. They can be hereditarily 
poor in physical equipment and can be adversely affected by nutri- 
tional defects, ptrisons, frawnatis/av, inactions anti influences 
operating through the nervous sj'stem. As shall be shown later a 
normally responsive set of glands of interna) secretion is essential 
for normal operation of the psychosomatic unit, and for tliis reason 
good equipment in these stnictures is necessary for the normal 
satisfaction of the needs and satisfactions now un<ler consideration. 

In summary, a normal physiologic equipment on all levels of 
organization, is a sine qua non of normal psychosomatic activity. 
The organism may exist as a whole and operate as a whole in spite 
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of inadequacies in its equipment and capacities, but it falls sJjort of 
its mark just to that extent to which the inadequacy is important 
or unimportant to the needs of the whole organism. ^\^en tlic 
equipment defect involves functions on the psychic level overt 
evidences of abnormal activity and response in the psychobiologic 
mechanisms are likely to be present; the imbecile, cretin, deaf-mute, 
paretic and alcoholic are tj'pical instances of abnormal psycho- 
somatic units whose defectiveness is dne in greatest part to an 
equipment that can no longer respond properly to psychobiologic 
demands. 

m. MODIFYING INFLUENCES. 

The normally developing embryo has its needs satisfied immedi- 
ately as they arise. Tlie reflex and integrating mechanisms develop 
coincidentally with increasing demands of the organism as it grows 
in complexity and specialization of its parts. Most of the stimuli 
are somatic in origin or brought to It by the maternal blood and 
therefore operate through tlie internal chemical and nerve ceptors 
developed to respond to them. It is also affected by immediate 
tactile stimuli to its surface and the response to these is prompt and 
proportionate to their urgency. In general terms, the embryo or 
fetus is said to be a purely adaptive mechanism. Whenever dis- 
equilibria arise readjustments satisfy them in a direct manner that 
does not call into play the many indirections of action that char- 
acterize the post-natal period. ^ long as the environment is not 
too hostile to the embryo it is in a state of perfect adaptation. 

Immediately after birth, when the human organism for the first 
time becomes independent insofar as physiologic capacities is con- 
cerned, it becomes dependent for the satisfaction of many of its 
needs. From the very beginning of postnatal life the human infant 
becomes dependent on society. It can grasp the mother’s breast 
only if the mother brings the breast in contact with the tactile 
rec-eptors of the infant's hands or lips. When it is deprived of 
nourishment too long it expresses its needs visibly and audibly; it 
becomes restless and cries. Vnder normal circumstances a physio- 
logic disequiUbriwra is arousevi in the mother by virtue of a need to 
eliminate milk and restore the imbalance of her entire organization. 
On this instinctive need and her whole sex organization the mother 
has created a complex set of feelings and obligations toward her 
infant w’hich makes her act toward it in an "instinctive” way which, 
when carried out satisfies both herself and her infant. 

It is probable that after it has once been placed to the breast the 
infant will never again react in the same way as at this first experi- 
ence of dependent satisfaction. At this e-xperience the infant uses 
new tactile channels w’hich become useful for the acquisition of 
nourishment, and at the same time experiences stimuli which 
40 
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primarny liave tiotliiiiR to do with awiulrjtif: food. It Is i)ettcd and 
bedded In such a way that the new sensations accompanying these 
acts become asbociated with tlie meclmnisms of getting something 
to eat. Although it may l>e ih'fRciilt to prove that {lefinite condi- 
tioned reflexes arise out of these associations tlie situations which 
are created and the responses to them give all the appearance of 
conditioning. 

Thus from the verj beginning of postnatal life the human being 
becomes a complicated reacting organism. It is aware and conscious 
of its cxi.steTice and its environment. The primitive needs still 
exist and demand .satisfaction, an<l given an adequate functioning 
psychosomatic organization, the ncerls iciH he satisfieil— but tliey 
will be modified, sometimes to a ver\ slight extent, but often to a 
degree that makes tlicm almost unrecognizable. All of the influences 
which arc effective In morlifying the innate reaction patterns of the 
newly-born constitute the .subject matter of the present discussion. 

The study of human behavior can be undertaken from the 
physiologic, psy chologic or philosophic points of view. Because no 
one of these approaches can be exclusive of the others it Is nctx’ssary 
to view man as a physiologic mechanism whicli reacts in a particu- 
lar way to its environment (physiology), and reveals at least a part 
of this through its psychobiologic organization (psychology), and 
in 80 doing satisfies the logic of the universe by acttialising iu part the 
ideas and universals which exist independently of all humans (phi- 
losophy). Put in another way it means that physiologically man is 
material and his phy siologic functions are c.xpressions of the relations 
between material aggregates set up to carry out these functions; that 
his psy che is his whole organization which relates the psychosomatic 
unit to every thing other tfian itself; that beyond the psyche and the 
environment arc logical truths awl laws to which he is subject be- 
cause they arc atcmporal, non-partierdarized realities that supersede 
his actualized material, action, thought and reason. The attitudes 
of the physiologist, psychologist and philosopher are well shown in 
quotations fnmi the published WTitings of three cfuitributors to the 
knowledge of human behavior. Out of fairness to them it must not 
be implied that the selected quotations represent the whole or even 
main approach to their thoughts on man but clearly express their 
thinking on the several aspects of man's personality. Crile sum- 
marizes his work, "Mail — An Adaptive Mechanism,”* with the 
following: "In the texture and form of his bones and joints; in the 
structure and distribution of his muscles; in the covering skin and 
the padding fat, in the nature and distribution of his nails and hair; 
in the structure and equipment of the mouth, the stomach and the 
intestines, of the kidneys, ureter and bladtlcr and of the organs for 

' Cnie, G W Man— An Adaptive Mechanism, Kew York. Macmillan Con3p.iay. 
1016 . 
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procreation and respiration; in tlie distribution of pain ceptors, 
and of the defense mechanisms against dust, debris and insects, 
against cold and heat, and against infection and bleeding; in the 
mechanisms for appreciating sound and light, color and form ; in the 
mechanisms for taste and for smell, for maintaining an even body 
temperature, for producing muscular action and for expressing the 
emotions; in the nature and incidence of laughter and weeping; in the 
chemical defense against bacterial invasion and against the poisons 
of pregiiancj’ and auto-intoxication; in the meclianisms of concep- 
tion, of pregnancy and of birth; in the fabrication of thought; in 
the mechanisms of communication by natural, spoken and witten 
language; in health and in disease— in the complete life cycle of the 
individual from conception to death ive see clearly here and dimly 
there the mechanisms by means of wliicli a sensitive being immersed 
in a hostile environment effects survival, we see man—an adaptise 
mechanism.” 

Devine,* in support of ps\cholog\’ sa\s, ‘‘We have felt it desirable 
to refer to the distinctive features of vital activity at the unconscious 
physiological level, because there is a tendency to think of physio- 
logic beha\’ior under one head, and ‘mental’ behavior under another. 
Tile line of demarcation is not between physiological and mental, 
but between living and non-living; and the distinction we are apt to 
draw betvs ecu physiological actlvitj and oxertly manifested conduct 
is quite unjustified.” And further on, “Activity at the level of 
consciousness must be considered as a modality or special aspect of 
vital activity. Except for methodological purposes, thought and 
consciousness cannot be considered independently of the organism, 
any more than cellular activity can be considered apart from 
protoplasm. Psychology' concerns itself with additional facts about 
the organism which are ignored by physiology. Physiology deals 
with the organic functions and activities which are necessary for 
the maintenance of life, and psychology with the functions and 
activities concerned with the adjustment of the individual as a 
whole to his surroundings. In a won!, it may be said that the 
organism ivith which the psychologist deals is not merely a physical 
organism, it is a biopsychic organism.” 

Friend and Feibleman,’ as philosophers, have this to say, “Wien 
the particular function which is the human being becomes actual, 
it is expressed through the variable subsidiary functions. Viewed, 
then, in the historical order the human function requires time for its 
expression. Thus to rise to consciousness, there must be more than 
instantaneous awareness, i.e., an awareness of invarient relations in 

’ Devine, H.: Recent Advances m Psychiatry. Philadelphia, P. Blakiston’a Son 
* Co., 1933. 

• Fnend, J.W.. and Feibleman, J. K.* The UnUmited Comniuiiity, London, Allen 
Unwin, Ltd , 1936. 
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terms of w iiich clianpc is maclcintflliRible. Tins ‘memory’ is aiiotlier 
way of sajinp ‘constiousoess.’ 'niis etplaiiation \\ill pcrliaps be 
made clearer by recalling that tlie whole human organization is a 
scries of functions wliich i)ersist more or less, few of which rise to 
consciousness. The beating of the heart ami what are called acqifired 
habits, unlearned and lenrnwl reflexes, etc., can be viewed meta- 
phorically as unconscious memory, in order to show that memory is 
consciousnc.ss of functions. 

“Enough 1ms been said to indicate wlmt the realistic orientation 
toward psychology must be. It must work from the independently 
known world back to the mind which apprehends it, even though this 
seems to l)e n reverse process. For the other approach is an im- 
possibility since nothing whatever can be known, as we have shown, 
except in terms of universals. Thus the order of learning must be 
reversed in order to understand even the order of Jeaniing.” 

Necessity for a Unitarian point of view’ is seen when it is realized 
that the factors whicii influence and modify psychosomatic activity 
are as diverse as reflex stimuli, fear, and abstract thought. 

As the human being isobservc<I from infanej , through childliood 
and a<Iolescence, to tlie adult state the imi)ression is gained that 
there has been mental as well as physical growth. From the simple 
reacting state of the infant to the complicated mental activity of 
the adult there has been an increase in the types and forms of reac- 
tion patterns, a multiplication of associations between past and 
present events, and an increasing ability to exercise judgment, to 
utilize reason and to abstract. Growth and development are terms 
borrowed from biology and may be rctninetl in their application to 
mental processes if not taken too literally . Too little is knowii of 
the processes of increasing mental complexity to be positive that 
“mind” grow’s in the strictly biologic sense. 

Complexity in beliavior, thought, and action results from the 
summation of impressions on a psjchobiologic incchaiiism wliicii is 
genetically prepared to receive them. Tliis takes place in the his- 
torical order and the organism once having received these iinjiressions 
reacts to them tlicrcafter in a more or less orderly manner according 
to their kiiul and intensity. It appears to be immaterial whether 
the responses to these impressions rise to the level of awareness or 
remain in the unconscious life of the individual. The point of 
greatest importance is that mental complexity evolves under a con- 
tinuous series of influences whicli operate in a more or less hap- 
hazard manner over a period of time. Theoretically, if all individuals 
received entirely similar impressions at exactly the same chrono- 
logical ages it is questionable if there would be mucli difference 
between their personality types. A shadow of such a possibility 
is seen in the superficial similarities in the thoughts and behaviors 
of people living together under the same cultural influences. All 
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Hottentots behave more like Hottentots than metropolitan West- 
erners. There are individual diircrcnces between Hottentots but 
they all possess a common denominator of behavior which results 
from their being raised in a Hottentot culture. 

All humans possess a common mode of behavior independent of 
the culture or society in which they are raised. This fundamental 
basic human behavior may be likened to the human genetic pattern 
and in all probability is a part of it. On it is built the superstructure 
of the individual personality which is the basic pattern altered and 
extended by a wide series of physiologic, psychologic, and social 
influences that affect it without cessation all through life. 

Geselh has adequately describe<l the basic responses of the de- 
veloping infant. This author has selectetl certain important be- 
havior items which he Mieves may serve as “normal indices of 
mental growth.” The items selecttd are not arbitrary, but were 
arrived at by prolonged observation of many infants under experi- 
mental conditions; the indices are according to Gescll, normal basic 
tendencies of normal infants at particular chronologic ages. To 
quote, “Because development follows sequence and tends to keep 
to an established tempo, it is possible to regard certain character- 
istic forms of behavior as indices of mental growth. Such indices do 
not have the absolute accuracy of inches and pounds, but they 
have a symptomatic value in relation to age which makes Uiem 
indispensable for defining an estimate of developmental status. 
At birth the infant clasps reflexively a cube pressed into the palm. 
At one month he looks at the face of a person standing near his 
crib. At two months his eyes follow a person moving near his crib. 
At three months he holds and manipulates a rattle. At four months 
he closes in on a ring which is dangled above his chest. At five 
months, when held at a table in a sitting position, he grasps a cube 
on contact. At six months he reaches for and grasps the same cube 
on sight. At seven months lie looks for a fallen spoon. At nine 
months he brings a spoon into combination with a cup. At ten 
months he can pick up the above-mentioned pellet with precise 
pincer-wise prehension. At eleven months lie pokes a rod into a 
hole. At twelve months he may say two ‘words.’ ” 

If these criteria are generaffy true it means that the infant in 
passing through this formative period reveals increasing complexity 
in its response to tactile and distance stimuli, and in neiwomuscular 
coordination, conditioned reflexes, memory, thought associations, 
and the use of symbols. At the termination of the first j ear it shows 
some capacity for judging and reasoning. 

The only danger in setting ilown GeselPs criteria in the above form 
is that it appears to oversimplify the problem. Actuallj' each 

* Gesell, A., in Praotice oC Pcdiitrics, Hagprslown, W F Prior Company, vol 1. 
insf). 
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criterion is n highly compHcatetl affair. The fixation of attention 
on an attendant passing the crib far more than t!ie simple eye 
and head movement flliich is observeil. It is a higlily conditioned 
reaction of the infant organization to the total situation. For two 
months attendants have been passing the crib and the infant’s 
retina has been recording the fact. It is impossible to know what 
other associations have been going on in the infant brain and what 
distant changes liavc taken place in other parts of this psycho- 
somatic unit. That they have been n’idespread and important to 
the developing personality cannot be doubted when consideration 
is given to the intricacies, of coordination and integration necessary 
to follow an object deliheralely by turning the head and eyes. At 
the stage where the infant roaches through space to gra.sp the teeth- 
ing ring suspemietl before H, many complex associations and re- 
sponses must lie necessary to make the babj’ go to an object witli 
which it is not even in contact. 

In spite of all wonder at the phenomenon, all normal infants go 
through a similar progressive development peculiarly correlated 
with chronologic age. Insofar as they do .so they are revealing the 
basic criteria of development. But to the observer, trained or 
untrained, these critical acts are enveloped in a maze of less tangible 
activities that set one infant apart from all others. There are all 
degrees of responsiveness, hesitations, decisions, and inhibitions in 
the performance of the acts. Overt personaliti/ thus begins to show 
itself early. It has been well describ^l and defined but It has defied 
explanation. Undoubtedly it is largely due to conditioned reflexes 
which have been built up on the primarj' need responses. Although 
these may give the impression of instinctive reactions, no real 
necessity can be found underlying such possibilities as the ability 
to poke a rod into a hole. No adequate motive is forthcoming to 
explain such phenomena; the assumption that these acts may have 
adaptive or sursaval value is too normative for scientific use. 

And jet each infant is an individual and expresses its own indi- 
viduality. In each baby the course of development is basically the 
same but the total result is different. It appears that this can be 
accounted for only by assuming that the same fingers have plaj'ed 
the same notes on equally responsive instruments but in different 
keys and tempo. Tlie total situations ^vith which each infant is 
faced day after day have fundamentally the same components but 
differently arranged and timed. 

In all the foregoing no attention has lieen paid to the problem of 
how repetition or temporal spacing of events in the past can affect 
the present. The question has not heretofore arisen “How* can an 
experience at one moment have any influence on a similar or almost 
similar one minutes, hours, or days later?" The answer is ordinarily 
given by resorting to explanations in terms of memory, action 
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patterns, or “final common pathways” of conflicting stimulus reac- 
tions. To aid the first, engrains are postulated as lasting impres- 
sions on the plastic nervous tissue; action patterns are bolstered 
by the conception of fixed assodations between nerve elements, 
which once established become permanent; the final common path- 
way implies that repetition of impulses diminishes the resistance of 
the pathway over which they travel so that the threshold is lowered 
for future stimuli which will then travel over it in preference to 
others. 

Memory is the fine qua non of consciousness and the two may be 
taken as different ways of saying the same thing (Friend and 
Feibleman), because the human being (as a function) requires time 
for its expression, i. e., a succession of events in the historical order, 
and this results in awareness of change. In other words, a single 
experience which is instantaneous could not give rise to conscious- 
ness because there nould be no awareness of change; on the other 
hand change could not be recognized unless there was a relationship 
between successive events, i.e., consciousness of change, or memory. 

For psychobiologj’, memory is accepted as a real datum of experi- 
ence but its mechanisms remain unknown. It appears that past 
experiences are remembered on all levels of the organism. Rignano 
believes that such physiologic processes as assimilation, cell spe- 
cialization, etc., are all possible only on a mnemonic basis. All 
psychologies recognize the influence of the past in the present. To 
those may now be added the philosophic conception that memory 
of the past is essential for consciousness in the present. 

The problem of the development of individual personality can be 
reduced to the relations between two variables; an integrated 
remembering organism which by some unknown process is able to 
project its past experiences into its present activities and a changing 
environment which is able to affect the organism through sensitive 
receptor mechanisms that can react to it. Change is the important 
function on each side of the equation. 

The developing infant is a changing infant submerged in a chang- 
ing environment. The historic nature of the changes and the 
fortuitous occurrence of experiences with the environment makes 
it sure that no two infants will liave entirely similar histories. 
And because the environment may or may not always satisfy the 
elementary needs of the organism as they arise, the infant is sub- 
jected to what it probably looks upon as a friendly or an unfriendly 
world. It is probable that adaptation of the infant to its environ- 
ment is seriously stressed many times, but it is also probable that 
it undergoes more experiences where the environment is favorable 
to it. Progressive development seems to be possible only when 
tensions exist, for a state of perfect equilibrium would be found 
only in death. 
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Out of this apparent chaos comes order, recognized as normal 
growth and development with, it must Ik; uiuUThtood, scars and 
wounds of failures and frustrations wlikh li.i\e a i)eculiar liability 
to persist. 'Hie sears, however, m.t\c a useful purpose, and appear 
to be the basis on winch the psychically active organism builds its 
values. By having been thwartwl in man.x of its satisfactions the 
infant lias been faced with contradictions and has attained its ends 
by resorting to a primitive selection, not necessarily reasoned, but 
gotten by finding out on repeatol occasions that success followed 
certain alternatives of behavior. 

Observations on the infant indicate that at this early age it has 
developed all of the type reactions that characterize the human 
personality. It has experieiice<l all of the fundamental needs of the 
organism; it has reacted to pleasure and pain; it has had reflexes 
conditioned by associated stimuli; it has shown particular reactivity 
toward the mother or her substitute; It has expressed many of the 
primary emotions; it is aware of itself, its material environment and 
people: it has likes and dislikes and expresses satisfaction and dis- 
satisfaction; it has attempted communication; it has learned by 
repetition of experiences ; it has developed Bggressi\ e tendencies and 
docility. There can be little doubt that these are real objective 
data, and not subjective inferences on the part of the adult ob- 
server. 

Of great importance is the fact that these reactions are not 
equally developed in all Infants. Although Gesell has shown that 
they develop chronologically there arc wide variations in the 
amounts of the behavior criteria in different infants at similar ages. 
This implies that some infants may be more aggressive than others, 
more emotional, more conditioned, etc., at the same chront)logic 
age. 

It might be justiflable to liken the infant to a “personality 
embrjo” and look upon these earliest buddings of the personality 
components as ajilage of future perMinality functions. There is no 
implication in this that the personality has become fixed. On the 
contrary it remains plastic for years to come. What characteristics 
become modified an<l changed to a radical degree or persi'^t as they 
are through life, depends on the order, intensity, and importance 
of tlie elements in future experiences. (Some would make allow- 
ances for liereditarj’ tendendes in personality tj’pes but it seems 
unnecessary other than to admit that hereditary clefects may be 
present in the biopsychic equipment and so limit the ability to 
express certain personalitj’ components.) 

Before considering the factors whidi modify behavior to the 
detriment of the organism it is necessary to amplifj the total 
phenomenon of reaction to a situation as a whole. This docs not 
imply that the organism reacts to a whole situation; there may he 
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elements in tlie situation of which it never becomes aware, and 
many reactions seem to indicate that it reacts to elements Asliich 
are not even in the external situation. Tlie truth seems to be that 
both assumptions are correct. Keaction is just uhat the word 
implies, a relation between the affector and the receptor; an inter- 
play in which both take part. But it has been shown that the 
receptive organism is in flux and through memory can reenact 
experiences of the past. If then the present response is participated 
in by an organism which can project the past into the present, it is 
not remarkable that present reactions do not seem to conform to 
expectations drawn from the nature of the situation. It appears 
to be immaterial whether the memorj' component of the reaction 
remained in the unconscious or invaded consciousness. Tlie 
unpredictability of situational reactions is at the bottom of all 
attempts to understand the significance of the psychobiologic and 
biosocial influences which modify behavior. 

From the foregoing discussions it is apparent that causality in 
abnormal psychic states cannot be reduce<l to single causes, 
might appear to be an effective cause in one situation may be 
inadequate in another, in spite of the fact that in one the intensity 
of the factor may be greater than in the other. It is plain from 
studies in psychiatry that influences which produce abnormal 
psychic states may be the same as those which are responsible for 
normal behavior and that in the absence of other adequate causes 
much of the difference lies in the relation that the situational 
factors bear at the moment to the state of the recepti\e organism 
at the same moment. 

Kepetition is one of the necessary qualities of reactions nhich 
have any considerable tendencj' to become fixed. It is seen in the 
development of conditioned and learned reflexes; it appears in the 
development of habit; it is a fundamental requirement in learning. 
Similarly, it is present in the acquirement of harmful attachments, 
thought associations, attitudes of superiority and inferiority, 
obsessions, habituations, and many opinions, prejudices, and similar 
biased mental attitudes. 

The JjifJivjfJufl] who experiences n psycldc event weJves an hn- 
pression of the total reaction as some pattern of conscious or uncon- 
scious mental activity. This mental response may or may not be 
revealed to an outside observer. Even if it remains entirely within the 
unconscious the subject maj’ subconsciously show objective signs 
of the reaction by overt behavior. If the subject becomes aware of 
the psychic event he may deliberately direct his response so that it 
liecomes evident to an observer, or he may inhibit his reactions so 
that he alone knows the content of his experience. In each instance 
the psychic pattern of the event is present as a reality whether it be 
revealed subjectively or objectively. From this contention an im- 
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portniit postulate is deriveth that in every psychic event, mental 
experience, or behavior rcbponsc to a situation, there arises a 
dominating impression that is the resultant of the subjective ele- 
ments in the mind at the moment and the objective components of 
the situation. It iniRlit be likened to a chord struck on an instru- 
ment which blends with another chord sounded simultaneously on n 
second instrument. Tlie result will he either harmony or discord, 
hut which ever It may he it will dominate all of the elements from 
the two chords which went to make it up. A more definite psychic 
e.xample may he cited in a person who is concentrating on some 
problem in ethics and whose mind is full of the subject matter per- 
taining to it. If now, while the mind is in this state, a rclatetl 
I'thical question is suddenly presented to him it is highly probable 
that he will have a clear understanding of tlie implications in the 
question. Had he not been so absorbeil in thought on similar subject 
material at the moment it is questionable that he would have had 
such an accurate reaction and may even have been seriously upset 
by tlie question. Here it is seen that the psychic reaction is domin* 
ated by the mental pattern that resulted and assumed control. 

It should be possible therefore to determine tlie objective and sub- 
jective dements in any situation, which when brought into coinbina- 
tion, will result in more or less predictable mental dominations w’hich 
direct behavior. The.*>e would constitute the real modifying in- 
fluences of beha\ ior and become objective data of experience. 

1. Feeling or Affection.— Pleasure.— Pleasure, according to Rus- 
sell* "is a property of a sensation or other mental occunencM (Italics 
author’s), consisting in the fact that the occurrence in question either 
does not stimulate any voluntary or reflex movement, or, if it does, 
stimulates only such as tend to prolong the occurrence in question." 

Pleasure is not an inherent quality in a sensation or mental 
occurrence but emerges only when the components of the object- 
mind relationship are such as to be able to elicit it. Pleasant 
stimuli may under other circumstances become painful to the psyche. 
One may experience an enjoyable sensation in the performance of a 
love act under one set of conditions and be overcome with revulsion 
b\ the same act under other conditions. The stage must be set for 
pleasure, otherwise there will be no pleasure. 

Pleasure arises out of innumenible mental events. It is evident 
most elementarily in the satisfaeUon of the primary body needs; 
the instinctive restoration of equilibrium. It pervades the sense 
of superiority and the successful accomplishment of tasks, it 
<lominates self-sacrifice, ambition, social acceptance, and helpfulness. 

If pleasure is experiencctl, consdously or unconsciously, it 
dominates all other elements of the situation which aroused it and 

‘ Rcisseli: Tho Anilysis of Mind, Rew York, The Mnrmillan Company, 
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modifies the immediate belia\’ior response in such a way as to take 
the best advantage of it- 

Diacomfoit.— -Discomfort to Russell, “is a property of a sensation 
or other mental occurrence, consisting in the fact that the occurrence 
in question stimulates voluntary or reflex movements tending to 
produce some more or less definite change involving the cessation 
of the occurrence.” 

All that has been said about pleasure can be stated about discom- 
fort. It is equally as dominant when it is aroused and it too requires 
that the stage be set. Painful self-sacrifice can be turned to pleasure 
when the other elements of the situation accord more with pleasant- 
ness than discomfort. Discomfort is the dominating element in 
failure, revulsive feelings, useless (to the individual) sacrifice and 
self-denial, thwarted ambition, feeling of inferiority, persecution and 
blame, repressions and general maladjustment. 

2. Emotion.— When feeling has been aroused through the con- 
tents of a psychic event and the simple primary response to it is 
inhibited or diverted, emotion emerges and takes over the situation. 
It is importunate and dominating until at least some of the energies 
which it mobilized have been dissipated in action. 

Emotional response is not inherent in the stimuli of an event but 
appears only when the stimuli strike a sympathetic chord in the 
mental state of the subject at that moment. If one is prepared for 
danger and on the alert no emotional response need result when the 
danger actually appears. A threat to be struck may he accepted 
calmly if the mental state at the moment is not sensitive to threats. 
Emotion is inevitable only under given circumstances, but when it 
appears it dominates immediate subsequent behavior. 

Under certain circumstances the emotional reaction may be so 
intense as to result in physiologic shock. When the feeling and 
action relation is diluted by time and associated with successions 
of unpleasant mental events the resulting emotion appears more as 
stress than shock. This manifests itself in anxiety, worry, appre- 
hensiveness, irritability, over-sympathy, sentimentality, o^'er- 
enthusiasm, fanaticism and the psychic reactions of anger, grief, 
silliness, and untoward expressions of affection. The kind and degree 
of emotional response is therefore detennined not by a mechanical 
inhibition of feeling but by the nature of the elements in the event 
that modified the significance of the feeling which was aroused. 

3. Ideas.— Ideas become actualizetl in the mind through self- 
symthesis or by the presentation of sj-mbols from witliout. Gesell’s 
infant who reaches for a teething ring must apprehend a relation- 
ship e.idsting between itself ami the ring in space. The relation was 
always there but the infant was unaware of it otlier than as a simple 
visual impression of the ring. Wien the action patterns enabled it 
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to reach for the ring it became aware of the space relationship and 
apprehended the idea. 

When tlie gnnving child rciHjatcdly &ecs a picture of a horse it 
sees just that and nothing more. Hut when mother keeps repeating 
"horse” with the presentation of the picture the child eventually 
apprehends the relatlonshi]) between the two kinds of syinlwls for 
the universal horse. 

The schoolboy suddenly understands that multiplying is just 
another way of adding and thereafter makes use of this new idea 
(to him). The development of appreciation and understanding of 
tlie relations existing between notes of the scale, colors, cause and 
efl’ect in physical relationships, economic principles, .scientific de* 
ductions, are all examples of apprehended ideas. Actualired ideas 
multiply at a rapid rate all through the j’ears of learning and the 
presentation of the proper anrl logical relationships between them 
is the method of education. This does not imply that all appre- 
hended Ideas are properly understood, or that they must necessarily 
he true. But in either event the ideas liecome real to the possessor. 

It was stated earlier m this section that memory was the con- 
sciousness of relatioiisiiips between exents. It now becomes evident 
that memory U also consciousness of the relatioivships between kleas 
for ideas are real events even If the subject is the onl.v one aware of 
them. Thus, whenever one is aware, he is aware not only of external 
events hut of internal memory events (thoughts) also. Ideas swarm 
through consciousness and are always present when the elements 
of external situations arc presenUxI to the mind. This results In a 
comingling of memory events and the impressions from the present 
situation. Tlie mental pattern resulting from this merger appears 
to determine to a great extent the sub^'quent behavior of the indi- 
vidual. This apparentlv simple principle is complicated by the 
intrusion of unconscious memory into the patterns; ideas of which 
the individual may not be consciouslj aware. 

It is hard!) necessarj to emphasize the importance of existing 
ideas and thoughts of the moment on the direction of subsequent 
behavior. If ethical ideas are present in one individual and not in 
another the response to an eiliieai situation will not be the same in 
each. The reaction to a set of empirical data will not be the same to 
.1 non-scientificalh trameiJ person as to a scientist. 

As important as ideas are to the determination of human behavior 
they are only so to the extent that they flominate feelings and 
emotion in any given situation. Thus ethical judgment may be 
entirely ovcrshaclowed b> an intense emotional component and .a 
worthy idea may not l)e acted upon if to do so is painful. 

It is within the most frequently repeated combinations of ideas, 
affective states and emotional response in the individual’s psjclnc 
life that explanation wifi lie founil for his personality make-up and 
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belia\’ior. Tlicse three psychic elements in ever}’ psN’chic event have 
the power throngli permutations am! combinations to modify 
behavior under any situation into an innumerable variety of 
patterns. But because the human infant in a given group culture 
passes through experiences veiy much in common with every other 
infant in that group and grows to adultliood with fixed cultural ideas 
of the group it is not surprising to find most members of the group 
thinking and acting much alike. Individuals stand out here and 
there who differ from the herd. Tliey do so either because of some 
hereditary or acquired defect in their psychobiologic equipment; 
on account of deep-seaterl alterations in their physiologic state 
(puberty, pregnane}’, gland therapy) or because the consecjuences 
of the clash between their mental e.xperienccs and tljc demands of 
their environment have departe<l from tlie average, i.e., their 
personal history differs in important particulars from the common 
history of the group. When the} depart too widely they are lookcil 
upon as queer, geniuses, or insane. 



CHAPTKU XU'II. 


TJIK INFLUENCE OF l^YCIIIC FACTOHS ON PHYSIO- 
LOGIC EUNC'riONS. 

Ij is n-co{;iii/oil that cvory reflex stiimihw ttliicli enters eoii- 
5eiousiH's& carries an iinjmrt of pleasure or diseomfort and that if 
either of thc'c clcnienfary fcelinpa L inhibited and the normal 
response to thorn is interfered with it gives rise to emotion. Tlic 
emotional response is mediatisl through the thalamus and the 'vege- 
tative nervous sj stem eenters in thedlenccphalon and the desceiuling 
patlnvays of tlio sympathetic and parasyjiipathetic integrating 
mechanisms, 'riic principal effects of sjmipatlictic and parasympa- 
thetic stimulation are in the motor and secretory re.spoiises in the 
various organs and tissues of the bo<ly. Uwansc the change in the 
origitval reflex impulse was btivugbl ahovvt Ivy activity on the psychic 
level the psychic factors involi ed can Ijc suhI to be the causes of the 
elaborated responses on tlie physiologic level. The activities taking 
plai'i' on the psychic and physiologic levels together account for the 
total plieiiomomm of the emotional state. ® 

Althciugb it is not known what determines the direction of outflow 
of emotional impulses it can l>u said in general timt those aroused 
from a primary feeling of pain and dheonafort are discharged pre* 
dominantly by the sy mpathctics and those nsbociated with pleasure 
and comfort by the parnsympathctic-s. Tlie tyiies of response 
elicited through the two autonomic divisions indicate that para- 
sympathetic control is largely concerned with the conservation and 
Imllding up of body functions, while the sympathetica arc tlie 
guardians of the body be<;anse the reactions under their control 
prepare tlie organism for defense and cofirdlnate activities con- 
ccrnetl witli adjustments to harmful situations. Tiie parasympa- 
thetic division nets synergically with the adrcnaK. The secretion 
of these glands (adrenin) acts on the same physiologic functions 
as the parasyinpathctie system and in the same manner as stimula- 
tion of this autonomic division. 

Stimulation of the sympathetic division produces acceleration ami 
increased force of action of the heart, vaso-motor constriction, ele- 
vation of blood-preswre, rise in vcdantaiy muscle tomis, bTonobo- 
dilation with increased pvilmonary’ ventilation, gastro-intcstinal 
motor and secretory inliihition, mobilization of sugar with resultant 
hyperglycemia, ]eukocyt(ws, dilatation of the pupils, increased 
basal metabolic rate, warm dry skin, and a general alertness of the 
wliolc organism. The sympathetic division is composed of the 
autonomic fibers of the first to the twelfth thoracic and the fir.st and 
second lumbar nerves and is sometimes referred to as the thoraco- 
lumbar division of the autonomic system. 

( 038 ) 
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'file emotional states of fear, rage, anger, anxiety, \\orry, painful 
anticipation and recollection, situational problems, and inaladjust- 
jnent give rise to man^’ of the effects of sj’mpatlietic stimulation. 

Stimulation of the parasympathetic fibers produces slowing of the 
heart-rate, increased activity of the motor and secretory functions 
of the gastro-intestinal tract A\hich favor assimilation of nutrient, 
broncho-constriction, vaso-motor dilation, contraction of the pupil, 
s^\eating, and the conservation of heat with a cold, moist skin. 
The parasympathetic system is compose<l of the autonomic fibers 
in the third, seventh, ninth and tenth cranial nerves and the second, 
third, and fourth sacral ner\*es. 

The normal stimuli to the parasympathetic system arc largely 
those concerned with the taking and as^similation of food and the 
internal visceral and somatic impulses whicli aim to conserve 
physiologic activity, provide for rest and repair, and coordinate 
anabolic activity. emotional impulses acting through the 

sympathetics are excessive the parasympathetic control is an im- 
portant factor in readjusting the <lisordeted state. 

Emotional response on the physiologic level is ordinarily not 
prolonged and disappears soon after the removal or cessation of the 
activating stimulus. It may therefore produce no more than 
temporary disorders manlfci>te<l by combinations of the effects 
listed above. Tliere are occasions, however, in which the emotional 
state is so acute as to justify the term emotional shock. It appears 
that this is considerably more than a simple quantitative increase 
in the reactions and involves certain secondarj- factors which have 
not been positively identified. A number of theories have been 
brought forward to explain it. Of importance among them are 
Crile’s* demonstration that traumatizing stimuli (including pure 
emotional impulses) when operating without the release of muscular 
activity produce an acute acidosis wdth demonstrable histologic 
changes in the adrenals, H\er and brain. Hesnard® postulates the 
formation of cyto-toxins from the disturbances produced in the liver, 
kidneys and endocrine organs. I’ascal and Oavesne* present the 
possibility of a psycho-colloidoclastic diathesis which is inborn and 
luawUe'&ts itself tncvs.tly in tiwjse 'xbn devekip shock payekotes.. 

It is evident that whatever the mechanism of emotional shock 
might be, it is not confined to the physiologic level; it is a profound 
alteration of the entire psychosomatic economy. 

Of particular importance to the subject matter of the Category 
of Psychobiologic and Biosocial Factors are the findings relative 
to the physiologic changes brought about by long continued or often 
repeated emotional strain and stress. 

* Crile, G. W.: Man — An Adaptive Mechanigm, New York, The Macmillan 
Company, 1916. 

> Hesnard, A.: Rev. de psychiat., 18, 139, 1914. 

* Pascal, C . and Davesne, J.: Traitment dea Maladies Mentalea par les Chocs, 
Pans, Masson ct Cie, 1926. 
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liO^s of nppotito and indigestion from «orrj’ and other forms of 
mental stress are matters of common cxjjerieiite. The mild emo- 
tional stimuli Avhich arise under these conditions unquestionably 
manifest themselves in phj*8iologic cliangcs in the motor and secre- 
tory mcelianisms of the alimentary tract. Although the disturbances 
may not reach the level of conscious awareness of them, the alteretl 
lihjsiology not infretiucntly results in secondary gastro-intestinal 
disturbance. In a pre\’ious discussion consideration was given to 
effects of disturbances in the timed reactions of the motor and 
secretory fimetions involved in digestion. It was pointed out that 
ill the absence of proper timing liclwcen the reflex stimuli that start 
the digenstive mc“chanisms and the time of arrival of the nutrient 
at the dIfFerent levels of the digestive tract, functional indigestion 
was a frequent result. Much of this can arise from poor coordina- 
tion between psychic stimuli and physiologic response. The 
stnmacli which is constantly or repeatedly thrown into motor 
excitation or inhibition, anil whoMi secretions are similarly derangeil 
by stinuili arriving through autonomic control and which have no 
real relationship to the nml for fooil, b a non-physiologically 
functioning stomach. The same applies to the intestine. Delayed 
or rapid empt.\ing of the stomach may result and the digestive 
pattern in the small intestine may be markedly altered. Similarly, 
the colon may be over- or undcractivc, its absorptive mechanisms 
may be upset, and normal movement of fecal contents interfered 
with. It is not surprising to find that psjchic factors of even mild 
types of worry atul anxiety are able to bring about gostro-lntesttnal 
indigestion, excessive fermentation and putrefaction, and loss of 
appetite. ^Mion such a state becomes persistent because of pro- 
longed mental stress, poor habits, or more definitely psychotic 
types of behavior, the disorder may lead to far-reaching nutritive 
defects. 

It has long been bclies’cd that there wtis a strong jisj’chie factor 
in the etiology of diabetes. AUliotigli it has not been shown that 
physiologic disturbances brought about through psychic stimulation 
of the vegetative ncr\’ou3 system can initiate dialietes there is much 
in favor of psycliic factors being a contributing cause of this disease. 
Hyperglycemia is a concomitant of sympathetic stimulation and is 
evidenced in severe emotional states. It appears to result from 
sympathetic stiniiihthn of oatput ami iTiediatkm of the 

thyroid gland. The heightened Wood-sugar level is eventually re- 
stored by the action of insulin. Thb indicates a disturbance of 
carbohydrate metabolisni albeit within the normal limits of tolerance 
of the meciianbiiis concerned. Tlie points which have not been 
cleared up in this problem are first of all w'hethcr the excessive 
demands placed on the carbohydrate metabolism can over-stress 
the control of the blood-sugar level and lead to true diabetes, and 
secondly whether such disturbance can aet as a precipitating factor 
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to initiate diabetes when other probable causes of this disease 
already exist. The former seems unlikely in v'lev,- of the relatively 
infrequent incidence of diabetes among the soldiers in the World 
War in spite of the emotional stresses to which they were subjected. 
The possibility that psychic factors may precipitate potential 
diabetes seems more likely on physiologic grounds, and because of 
the frequent clinical correlation between the onset of diabetes and 
mental distress of one form or another. It is c'ertain that psychic 
factors aggravate the course of existing diabetes and the removal of 
mental stress is an underlying necessity in the management of cases 
of this disease. 

A somewhat similar problem exists in hyperthyroidism. Sympa- 
thetic stimulation always involves some degree of thyroid response. 
It has long lieen held that emotional shock is capable of converting 
simple hj'perthjToidism into the exophthalmic type. 

I^ss stress is now laid than formerly on the belief that shock alone 
can cause overfunctioning of the thvToid. Although stimulation of 
the sjunpathetics can produce experimental hyperactivity of the 
thjToid it lacks the characteristics of progressive thjTOtoxicosis. 
Clinicians, generally, believe that emotional stress plays an impor- 
tant part in hj-perthyroidism and the observation that this condition 
is on the increase in modern civilized communities would appear to 
support this contention. Many of the localized signs and symptoms 
of exophthalmic goiter can only be cxpiaine<l on the basis of vege- 
tative nervous system involvement and it is not unlikely that the 
interplay between psychic factors, thyroxin, and autonomic response 
accounts for the perpetuation of this syndrome. 

Owing to almost complete lack of knowledge of the etiology of 
essential hypertension the role of psychic factors can be dismissed 
with the brief statement that it is held strongly suspect as a con- 
tributing cause. It appears that there is some constitutional ele- 
ment which makes the vaso-motor mechanism over-responsive to 
stimuli of various kinds, of which emotional shock, worry, habitual 
emotionalism, “nervous drive” may be a few. 

Emotional tension is one only of the underlying factors in the 
production of functional conditions of the heart. In most cases it 
probably plays a rule secondary' to infection, intoxication, exhaus- 
tion from overexertion, prolong illness, etc. A few clinical cases 
are reconletl of paro^-smal tachycardia, sinus tachycardia and 
irritable heart (effort syndrome, neuro-circulatorj' asthenia) in 
which no cause could be elicite<] other than an emotional stress of 
some kind, but such evidence lacks tlie finality necessary to estab- 
lish cause and effect. 

The functional reactions in the psychoses and psychoneuroses 
are the result entirebv, or in great part, of psjchic processes, but 
because they are in\'olved in personality types and alterations of 
behavior, discussion of them will be reserved for the next chapter. 
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CHAPTER XLVIII. 


THE INFLUENCE OF 1‘SYCIIOGENIC FACTORS ON 
PERSONALITY AND BEHAVIOR. 

SoML indivitluJiL appear to po}*c!>» a ftttidamcntal inability to 
retain an even balance between tlieir response mccbanisins and the 
stimuli of ordinary experiente. Tlie existence of an inborn consti- 
tutional tendency toward this st>-ealle<l iierwiis insUibiliiif is quite 
generally assumed but tliere is no scientific proof of it. 

On the other hand an ncquircti congenita! sensitivity or obtiiscness 
of the psychobiologic mechanisms .seems possible on the basis that 
certain extrinsic factors, operating on the embryo, can alter the 
biologic qualitic.s of tissues during their tievelopmental stages. 

A third possible explanation of ner\ous instability is that psjehic 
experiences leave their stamp on the psychic nicelmnisnis and incline 
the organism thereafter toward exaggeration or suppresMon of 
responses to normal stimuli. 

And finally, it is acknowledged that abnormal states on any level 
or organirat ion, ac quired at anj time during the life of the individual, 
can affect the seiisitivit% of psj chobiologic reactivity. 

TIjere are e\ideJKCs in favor of each of thc'‘c assumptions and 
it is likelj th-at their multiplicit.\ is sufficient to indicate that more 
than one cause is operative in producing the coini)lcx reactions in- 
cluded under ‘‘instabilit>.” 

Instabilitj is generally meant to imply tliat the organism -ia 
overt!} affectc'd bj psychic and other stimuli in such a wav’ fbat it 
reacts in a manner out of proportion to what might be expected 
from the nature of the situation that evoked it. The nervouslj 
unstable person is sensitive, jump}, temperamental, emotional, 
irritable and apprehensive. It is important to know why these 
traits appear because wljcii the\ become manifest in very early 
life they play a great part in the development of later personality 
tv'pes and behavior, and not infrequently give the color to abnormal 
nervous and mental states. Unfortunately, tbe whole explanation 
is not available in any single school of psychology and must await 
resewvch wkiwg the Uvves wvdiewted \w the wpewiwg atateuvewts 
of this chapter. 

It is to be noted that the instabilities (as the tenn is used herein) 
involve emotions to a greater or less degree and that at least one of 
the manifestations (sensitivity) might conceivably rest on a basic 
constitutional oversensitiveness of the autonomic nervous s}'3tem. 
In this instance autonomic response appears to take precedence 
over conscious behavior and expresses it'^lf before volition can 
(& 42 ) 
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supplement or inhibit tlie response; that is, the autonomic sjstem 
is on trigger-edge. In ordinary emotional overactivity and tempera- 
mental states the higher psydiic functions seem to play a greater 
part. This does not imply deliberate exaggeration or submission 
to feelings but on the contrary, points toward an uncontrollable 
emotional response in conjunction with fixed associated ideas. 
Complexes are of this nature. 

Feelings and emotioji run as continuous threads through every 
thought and experience and %\ork to the advantage or disadvantage 
of the organism. If the responsue nervous system through which 
all ideas, emotions and actions are actualized is hypersensitive, 
unstable, or inadequate from inbuni or acquired causes, the total 
reactivity ill depart materially from the expected. 

The factors which arise in the psychic levels of the organism 
through the interplay of feelings, emotion, and the processes of 
inemoiy and ideation, or which have their origin in the impact 
between the environment and the mental functions, are called the 
psychogenic factors. Although the> originate on the psje^^ic level 
their efi'ects are found on all levels of the organism. When their 
force and import is sufficient to bring about <lepartures beyond the 
normal average behavior of individuals living in the same social 
and cultural environment, the psjchogcnic factors can be accepted 
as the causative agents of the abnormality. 

The average individual is one who Is in good physical liealth and 
possesses an average intelligence, acceptable emotional control, a 
sound outlook on life generally, who has ambition and a sense of 
social responsibility, and is adequately adjusted to the complexities 
of personal and cultural requirements. Such an individual varies 
from this level from time to time but never departs far from it. lie 
is neither habitally morose nor elatwl; does not suffer from marked 
periods of depression or excitement without just cause; is not too 
readily led by suggestion or iiifluence<l by unsound judgment; his 
interests are well balanced within himself and his external experi- 
ences; there is seldom little evidence that he is dominated by internal 
struggles; he has the average supply of prejudices, superstitions and 
faiths of his time but is not a slave to them. In such a personality 
tliere is near-equilibrium between his psxchogenic factors. 

^^'hen the psychogenic factors are thrown out of balance through 
inborn limitations, bodily disease, faulty training and education, 
or psychic and emotional traumatism, the resulting personality 
traits and behavior depart more or less from the average. In 
moderate instances of imbalance the total personality may conform 
in general to the broad concept of normal but there are dominant 
trends that make such individuals appear different, odd, queer, 
exceptional or peculiar. Thc\ are highly emotional, sentimental or 
excitable: their interests are too much bound up w ith themselves or. 
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conversely, tlicy nre too intent on social contacts; they may have 
satisfaction in thhiRs which produce dissatisfaction in the majority; 
they are represented by the fanatic, tlie temperamentalist, the 
recluse, the miser, the tmfccliiiB and cold personality, the martyr, the 
rutliless autocrat, the provelling slave, and n host of other "types” 
recf)gnizalile by all. 

From time to time individuals arc met who combine certain of 
the above traits in two rather distinct personality tJT)cs; the inlro- 
Trriif and the extrorerla, (Tlic author wishes to warn tlie reader tliat 
the use of these terms must not carrj' any connotatioi\ that they are 
undesirable stigmata. There is no evidence of any hereditary 
basis for them nor docs it appear that they can be explained bio- 
genetically.) The imbalance of the psychopenetic factors brouglit 
about by the unefpial development of personality traits (nith the 
help at times of physiologic ib'sfimctions) appears to be adequate 
to account for these so-calle<l i)eculiar t>7)cs. In general the introvert 
is a shut'in personality. He is socially unresponsive, withdraws 
from social contact, and is tUfficult to Jindcrstand or rather, it is 
difficult to make sufficient contact with him, to understand him. 
The introvert is suppressive and hi<les his emotions, and is generally 
of a suspicious nature, harboring silent grudges, jealousies, and 
desires whieJj arc known only to lum. He is frequently driven by 
hidden urges that break out in artistic accomplishments and special 
skills or he turns leader in a cause which conforms with his inner 
nature. lie is often deeply thoughtful, reasonable and logical but 
his motives arc not necessarily proportionately sound. 

In contrast to these, the extrovert is a sociable being. He Is 
expansive to the point of lacing obnoxious; he is overemotional and 
excitable but is always so in keeping wilJi the situation that called 
forth the response; he has strong tendencies toward the formation 
of confidences and can bold few secrets, not e\’en his own. The 
extro^-ert is congenial, happy, philanthropic, gregarious, and good 
natured; but he is too much so. 

Psydiology has taken over the terms cydolliymic and schizoid 
from psychiatry and applied them to tJie exfrovertive and.intro- 
vertive personalities respectively. This has helped considerably 
in the understanding of the cyclothymic and schizophrenic 
psychoses. 

It has been sho\vn above that the content of every situation is 
composed of psychic elements associated in such a way as to have 
particular significance through the feelings which they arouse to 
the welfare of the individual at that time. The individual need 
not be opeuly aware of all of the elements at once but grasps 
the essence of the whole situation in much the same waj that 
he sees a picture in its entirety and understands its meaning 
without being aware of every feature in it. TOien at a later 
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date some occurrence recalls one or more of the elements of a 
psychic experience, association of those recalled wth those of the 
original experience is such that memory associations reconstruct 
the earlier situation over again. If the remembered situation 
originally contained a strong emotional tone and was of great 
significance to the welfare of the individual, the new situation which 
aroused the memory of the earlier e.xperience, will be likely to be 
suffused with the old emotional reaction. Such association consti- 
tutes a ccmplex. It is immaterial whether the ideas are associated 
logically or illogically, or whether all or a few of the elements of the 
original situation are recalled to consciousness. It is only necessary 
that some element reach the state of awareness for the essence of the 
situation to be felt and responded to emotionally. 

Complexes intrude themselves into all sorts of conscious processes. 
The general impression is that they are lurking somewhere in the 
“subliminal mind” ready to make us act in ways which we do not 
anticipate. On the contrary there is no evidence that tliey persist 
as such, but are reconstructed each time that a new situation is 
experienced which has some element or elements in common with 
the old. Any question of illogicality in a complex does not neces- 
sarily lie in the nature of the complex (although it might) but in 
the relationship between the ideas or elements in the complex and 
those in the current situation nbich aroused it. 

Normal and emotional assodations of ideas make up all conscious 
thought and underlie most subconscious behavior; they are real 
psychic events cemented together by memory in such a way that 
bidden and unbidden thoughts stream through consciousness and 
confuse the purity of every mental experience. ^Yllen those which 
arouse a feeling of pleasure comingle with those which are dis- 
comfiting, a conflict ensues which must be resolved: or one pleasur- 
able feeling maj’ be dominant over another less pleasant, and an 
unpleasant feeling may conflict with one more unpleasant. If 
action is demanded in either instance an emotional conflict results. 
It is obvious that conflicting feelings cannot both be satisfied at 
the same time. It is here that training of the intellect toward 
understanding of the logic of situations becomes of great importance. 
The classical example of a conflict is the clash between the desire of a 
soldier to stand his ground for the cause he espouses against the 
desire to run away and sa\e himself. In this situation his natural 
desire to run away may be stronger than any desire to remain loyal 
and patriotic; he would respond with little conflict to the strong 
emotion of fear On the other hand his self-satisfaction (self- 
respect) might best be gained by sacrificing himself through senti- 
mental attachment to the cause; lie might then feel less fear or 
desire to run away and would solve his situation heroically. The 
third solution would be for him to acknowledge that fear under such 
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■A situation is normal and that he, tvltli thorough intelligent under- 
standing of his position can do what he thinks best; stand up against 
the enemy or run away and take the consequences. 

The main difficulty with c-onflicts is that unless they are solved 
logically they do not stay snivcti but recur in tlicir original setting 
whenever some impulse arouses tliem. Complexes and their 
resulting conflicts may i>crsist throughout life unless satisfactorily 
resolved; they cannot i)c counted upon to he forgotten forever 
just because the.i have passed out of conscion«ness by repression 
or the imposition of more iniimrtimatc affairs. 

Because complexes alsvaja p»>ssess the element of emotion they 
are built up around the common expressions of emotion: fear, hate, 
love, anger, etc. As examples there may be uncontrollable fear of 
thunder because of some early fearful experience (actual or hearsay) 
with lightning and its consequences: a hatred may exist toward an 
individual because he did (or was .said to have done) something 
highly distasteful and that hatred ma\ l>e unreasonably transferred 
to another person who looks like him: a person may be loved for 
some insignificant trait which was present in another loved one 
(mother) but which wuld have no real bearing on the depth of the 
present affection ; early sex experiences may torture the conscience 
and take all significance out of later sex gratification: repression 
of early satisfactions in the eliminative functions may remain as 
shame or disgust at every future reference to anything sax’oring of 
elimination. 

rnresolved complexes, if uncomfortable, lead to subtle or outward 
attempts to escape from the conflicts which they arouse, and if 
pleasant, direct tlioughts in a way to linger on them, or action to 
beliave so as to prolong the satisfactions they may bring. 

Much is owed to the Freudian school of ps,\chologyfor the modern 
understanding of the nature of complexes, repressions, wish ful- 
fillment, dream content, etc., but Its insistence on the singular 
importance of sex in all suliconsciows activity and the excesses to 
which it goes to support its contentions cannot be acceptable to 
anyone who understand'* the multiple cau-sility of human behavior. 
Sex doosperv’ade the whole organism, but so does nutritional hunger; 
fear cannot forever be resolved to a sex basis any more than the 
multitude of complexe.s surrounding such imsexed abstractions as 
economics, politics and mathematics, about which raanj people 
have uncomfortalile, repressed emotional associations. 

The influence of complexes on persoualitj and behavior is pro- 
found because tlieir emotional content suffuses everj' thought and 
action of everyda.% experiences in which comple-xes are involved. 
This interferes with rational thinking and behavior and is liable to 
lead to serious irrational activities when the response to the com- 
plex tends to be antisocial. It is not to he assumed that compIe.xes 
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are intrinsically bad and undesirable, or that they possess any 
mysterious power to make us do what we do not want to do. In 
the last analysis they are images of past emotional experiences and 
differ from current experience only in that they are of a private 
and not a public nature; that js, they have no other qualities than 
mental and therefore cannot be known to others. Because they are 
private, complexes would resolve to nothingness so far as their 
influence is concerned, if their conflict with present reality could be 
rationalized by understanding. 

Habit formation is often referred to as a determiner of behavior, 
but it is such onl^’ insofar as it itself has been determined by ante- 
cedent causes. Tlie organism learns most habits, although it is 
conce<led that some may arise through conditioning of unlearned 
refle-xes. \^'hen habit is referre<l to such things as slovenliness, 
politeness, gambling, early rising, laziness, or good manners, the 
real significance of the term is lost, ’fhese are character traits 
which have evolved not only through repetition, conditioning, or 
associated memories hut from some one or more of these plus 
discipline or the lack of it, or to the apprehension of ideas which 
give values to these Iwhavjor characteristics In the individual’s 
pattern of living. The so-called ingrained habit of neatness is no 
more innate than an e.xcessite desire for sweets. It is far better to 
look on habit as the result of directed behavior (good or bad) than 
the director of behavior. 

True conditioned reflexes, as opi>osed to the above, are real 
habits. They rest on a purely phjsiologic basis and owe their effect 
on behavior to the fact that the conditioned responses involve 
psychic processes. For example, the need of some people to defecate 
on arising in the morning is conditioned by the act of rising, the 
thought of food, the preparation of the toilet, and the act of moving 
about. Conditioning is also seen in more actively mental states as 
in some of the revulsive reactions anil so-called instinctive tendencies 
to avoid harm. Insofar as tliese intlirect responses recur repeatedly 
to similar situations they may be called reflex habits and so alter 
behavior, but the psychic component is always present and on 
occasions is so concerned with other elements in the situation that 
it may ovcrc-ome the reflex tendency entirel\ . 



CHAPTER XLIX 


THE ROlE of psychogenic FACTORS IN THE 
ETIOLOGY OF MENTAL AND NERVOUS 
DISORDERS. 

Most of the attention to mental disease in the past centered on 
tlieir description as di'Ke.aso entities. niH was the natural result 
of the enthusiasm for scientific classification hut doubt has been 
throwTi on the reality of some of the categories and new criteria have 
been .set up in an attempt to coiistniet an obiecti\’e science of ps\’- 
chiatry. The result has I>een to change the concept of mental 
diseases from conditions of static entities to dynamic processes 
which result from effective causes operating on flexible psychic 
functions so ns to disturb their equilibrium more or less permanent!}'. 
It has brought the functional dis«mJers to par with organic nervous 
diseases by according them equal catmlity throxigh disturbances 
of normal equilibria. Mental disoitlers have a Natural History 
whicli include.s knowahle etlologlc factors and an objective patho- 
genesis. 

Among the etiologic factors whicli operate to the detriment of 
the psychnbiologie mechanisms are the p8}chogenic factors— those 
psychic responses to stimuli originating in the organism or the en- 
vironment which when aroused can affect Uie psjchobiologic proc- 
esses because they are part of them. Worry, for evainple, is a 
psjehogenic factor; it Is neither inherent In the organism nor in the 
environment but appears in the organism in response to certain 
relationships between it and the external situations; the result, as 
worry, enters into the psychic processes of the organism and dis- 
turbs it on the psychic and physiologic levels as shown by insomnia, 
fatigability, loss of appetite, irritability, inability to concentrate 
and so forth. Worry and other psychogenic factors are therefore 
not primary etiologic factors but as end-processes of antecedent 
situations are able to institute their own chain of consequences and 
so act as adequate causes of mental ami nerwus disorders. 

Increasing importance is being placed on tlie part placed by 
ps}'chogenic factors in the etiolog}' of the ps}'choiieuroses and 
p«.ytiioses. As it is not the pmpcee of this book to HTulertake a 
review of the etiologj' of the individual mental disorders but to 
present the broad outlines on which their etiology is based it will be 
sufficient to present a few illustrative examples. 

lij'steria is a tj'pical ps} clioneurosis which has been well studied 
from the etiologic approach. It has been tlescribed ns a malady of 
the imagination. This is a sers'iceahle description if it is remembered 
that no etiologic implications are to be read into it and that it is 
(G48) 
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only a statement of an apparently basic phenomenon underlying 
many of the manifestations of hysteria. Wliy the imagination is 
so excessi\'e and reveals itself in the outward simulation of so many 
disease states is not knowm. 

The psychogalvanic reflex response in hysteria points to some 
disturbance of the affective mechanism. The galvanometer fails 
to respond in the hysteric even when the outward response to 
noxious stimuli appears greater than in a normal person. If there 
is actually a defect of the affective response mechanisms in hysteria 
\\ hich antedates the clinical onset of this disease its nature and cause 
remain entirely unknown. There is little doubt that there is a 
dissociation between the discriminative powers and the physiologic 
response to discomfiting stimuli. Furthermore it is not questioned 
that the psychogenic factors play the major role in producing the 
manifestations of hysteria. The simulation of disease, the advantage 
of illness motive, the phantasies, exaggerated statements and lies, 
the supreme egoism, and the sham emotionalism of the hysteric are 
all psychogenic phenomena; they are an inextricable tangle of ideas, 
feelings which cannot be satisfie<l organically, memory images 
jumbled up with present reality, and a }i>-persiisceptibi]ity to sug- 
gestion. "Without outward help, the hysterical subject is hopelessly 
entangled in a psychic web of his own spinning— why he is, remains 
the central problem in hysteria. 

Psychic trauma is a frequent concomitant of the onset of the 
psychoneuroses and probably bears an important causal relation- 
ship to it. In a susceptible subject such psychic disturbances as 
sudden fright or berea\'ement may precipitate a traumatic hysteria, 
hysterical overindulgence in emotional grief, or an anxiety neurosis 
with complete “nervous breakdown.” In these conditions psycho- 
genic factors arc obviously <lirectly concerned with the disordered 
state. 

In the major psychoses (rnaniodepressive or cyclothymic psy- 
chosis, and dementia ptKCox or schizophrenic psychosis) the psycho- 
genic factors may not be obvious as causative agents but they 
constitute a major part of their manifestations. Where the psycho- 
neuroses involve limited changes in the personality because of the 
dissociation between disa-imination and the expression of feelings, 
the per-sonalit}- and l^eliavior of the psj-chotics show changes in the 
total personality which involve its feelings, emotions and intellect. 
I^emonstrable organic defects which might underlie the development 
of the psychoses are generally wanting, and there is seldom any 
outstanding psychic event to which the onset of the disorder could 
he attributed. The whole psychic organism seems to give way 
without reason and it is because of this that the major psychoses are 
called “biogenic psychoses.” The term is obviously a poor one 
because the implications of spontaneity cannot possibly be upheld. 
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The cycIoth.\’inic and bdiixoid characteristics of manIcHlepressIvc 
psychosis and dementia pKCcox bear striking!; resemblance to the 
extrovert and introvert personalities respectively, or as Devine 
expresses it, “certain psychoses (will) figure as caricatures of certain 
normal tj'pes of perbonality.” It is a temptation to believe that the 
extrovert will develop mani(Mlepressivc reactions and the introvert 
shizophrenia if the necessary comlitions for the development of 
tliese psychotic states arc present but there is no proof that tliis is so. 
Studies on the past histories of psychotics tend to confirm the possi- 
bility of sucli a relationship but it may amount to no more than a 
similar observation on other mental derangements (delirium, intoxi- 
cation, etc.) that the normal personality tends to color the abnormal 
state. 

In general it may be said that the psychogenic factors may pre- 
cipitate at least some of the psychoneurobcs. 7;mi/ unrlerlie the direc- 
tion of development of the cyclothymic and schizophrenic psychoses, 
and partake in the charactcri/ation of all of tliesc conditions. 
When a psychnneurosis or a psychosis is onc-e established the 
psychogenic factors, by virtue <if the part they play in distorting 
the relations between the indivkhml and his environment, may be 
the important perpetuating factors atawUng in the way of recoxery. 



CHAPTER L. 


THE DEFENSE AGAINST PSYCIIOBIOLOGIC AND Bia 
SOCIAL FACTORS. 

The prevention of <HsonIcrs of the psychosomatic functions must 
rest prjjnarily on assuring that tlie infant will be born witli an ade- 
quately functioning ps\ chobiologic equipment, and the obstruction 
of all postnatal factors which can affect this equipment harmfully. 
It involves therefore every effort favorable to a good inheritance and 
the prevention of acquired physical and mental defects which might 
result from the action of effective causes in every category of the 
etiologic factors of disease. Among these categories, that which 
contains the psychobtologic and biosocial factors is of greatest 
moment to the welfare of the individual insofar as his psychic or 
mental integrity and In's ability to adjust himself to his social en- 
vironment are concerned. 

The manner in winch the psychobWogic mechanisms respond to 
external situations and internal stimuli, as evidenced by conditioned 
reflexes, habit, learning, memory, and suggestion, makes it possible 
to direct responses by deliberate training. ^Yhat limitations exist 
are probably due to inborn susceptibilities to react in particular 
ways and degrees and to acqiiiretl susceptibility or obtuseness to 
stimuli of various kinds. Within these limitations training is the 
best defense against undesirable behavior. The methods of training 
will therefore constitute the present approach to child guidance and 
mental hygiene. 

TRAINING IN THE NUTRITITE AND EUMINATHTE 
FUNCTIONS. 

The fundamental nee<ls of the organism must be met be giving 
them every opportunity for nonnal e.xpression. Tliis must begin 
immediately after birth. Hunger for nutrient and the desire to 
eliminate are the first evidences of disturbances in physiologic 
equilibria which require overt behavior for their restoration. It 
is imperative that these needs be met satisfactorily. Pediatric 
teaching recommends regu)aTity of feeding on a physiologic basis 
and not on the whims of the mother or nurse. 

Tliis rests on the recognition that the physiologj of digestion and 
assimilation in the infant can be served best by regulated feeding be- 
cause the demand for food and the response to it involves levels 
of activity higher than those of simple physiology, and regular, 
orderlv feeding assures goo<l eating habits and physiologic condition- 
(C.-,l) 
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ing. It is. an attempt tn organize the digestive patterns in keeping 
w ith a well ordered flaily regime. Although much more latitude may 
be allotted in this regard with increa'uiig age the same principles 
are involved tliroughoiit life. Tlierc are certain age periods tt-here 
goo<l eating habits are of particular importance. The first is in the 
young child of pre-scliool years who shoH's strong tendencies to 
discriminate between articles ofTerctl it. These tendencies result 
largely from interferenc-e on the part of the mother or nurse in the 
normal reactions of the infant and young child. It has usually 
been umluly cajoled, dlscipimed, or spoiled, and has found some 
value to Itself in making a fuss over its food. It is not too much to 
say that normal infants can and will eat anything fit for infant 
consumption. There is no inborn aversion to spinach or cod-Hver 
oil. The unspoiled, well-trained Infant will he no feeding problem in 
the pr(‘-scho<>l years. Unfortunately there will always be difficulty 
in maintaining this ideal l)ecaiisc of the interference of factors which 
may he entirely' unrelated to eating, such as the poor e.vamples of 
other children and adults, unwise attentiveness to the child for 
cither its good or bad behavior, fatigue, excitement, and distrac- 
tions. These influences must be approached from other angles. 

Adolescence presents additional problems in feeding because of 
the intrusion of outside interests and the increasing freedom accorded 
the fluid which it is not long »n taking advantage of by eating away 
from home and between meals. 

.\8 this is an age of altered physiology ami multiplying activities 
adequate nutrition is essential but difficult to attain. The enthusi- 
asms of youth are unchecked by normal fatigue and the tendency of 
the adolescent is to go on and on and catch its rest when It can. 
.Appetites fail, become perverted, or go to the extremes of satisfac- 
tion; they lose their proper relationship to demand. 

Although bad eating habits are quite general all through adult life 
and lend to poor liealth of many kinds most people can restore the 
insults to digestion if they will. With them it is a matter of conscious 
readjustment within the possibilities of their mode of living. They 
may have particular desires in the way of food and may arrange 
their meals as they see fit but none of these habits are necessarily 
incompatible with good digestion. It is more a matter of what and 
liocv they eat, than when. 

The point oS greatest bigniBconre in the Jmbit.s of patipg is that 
mental attitudes play a greater part than any other factors. This 
psychic factor is amenable to control, and requires nothing more than 
the inculcation of good habits in infancy and early childhood, and 
rational understanding of the elements of nutrition in later child- 
hood anii adult life. The satisfaction of nutritional needs is a pleas- 
urable response and should not he allowed to be diverted by things 
unpleasant. The infant must not be irritated by faulty feeding, 
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the young child must not be made uncomfortably conscious of how 
and what it should eat, the adolescent should be taught and not 
forced to understand its nutritional needs and how to supply them, 
and the adult should eat calmly, wisely and not too well. Psychic 
factors alone lia^'c the power to make or ruin good digestion and the 
first law' of good eating at all ages is to partake of a physiologic diet 
physiologically. 

The greater part of appetite is not based on physiologic neetls 
but is the result of acquired attitudes toward eating in general and 
enthusiasms for special articles of diet. Too often, esthetics have 
largely replaced natural desires. The atlvcrtisemcnts for foods cater 
to the attractiveness of dishes, and confu«; the appearance of foods 
with tlicir nutritive value. TJie counter-attack on food propaganda 
should consist in offering the child a varied diet of common foods, 
well prepared and sen'ed in such a way that they will not be non- 
appetizing. There is such a thing as presenting food so that it takes 
the appetite even to look at it, and unquestionably some aversions 
to particular foods result from this fact. But overemphasis on 
fancy cooking and serving is also bad. 

The basis for most o\'erweight Is excess food for the age, height 
and sex of the consumer. There Is a strong mental contagion in 
family habits of eating, and where the elders of the family make too 
much of food, with undue emphasis on palatability. the children are 
prone to overeat. The overconsumption of sweets is a freqvient con- 
comitant of overeating generally and Is an acquired habit. The 
correlations between obesity and hypertension, and overweight 
and juvenile diabetes are indications that the bad habits of eating 
which lead to excess weight should be preventefl. 

From the time that the first bowel movements of the infant have 
been inaugurated, the autonomic reflex control of the colon and rectal 
sphincters becomes automatically associated with the entrance of 
food or secretions into the upper intestinal tract. This early need 
to eliminate feces is entirely mvo]uiitnry and must be satisfied 
whenever the reflex stimulus to defecation is aroused. The passage 
of food into the duodenum stimulates the colon tlirough the 
duodeno-colic reflex and as the bolus reaches the rectum and sets 
up a pressure on its walls the defecation reflex is brought into 
activity w’ith contraction of its musculature and relaxation of the 
rectal sphincters. 

In early infancy, bowel elimination is entirely reflex and involun- 
tary but cortical connections later make it possible for the simple 
reflex act to be controlled. It has previously been pointed out that 
tile gastro-intestinal responses to hunger and the intake of food are 
readily conditioned to react to stimuli not necessarily connected 
with feeding. This conditioned response stimulates the colonic 
and rectal reflexes and causes loss of the purely adaptive response to 
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a real need; it i\ caused to act for the rea'ptioii of food when there 
may be no food. To combat thh, voluntary control of the defeca- 
tion reflex is institute*). Whether this is* true conditioning is not 
settletl b\»t it appears as though the reflex act hecomea conditioned 
not to act at any and all times that it may he stimulated, but only 
at such times as voluntary control permits or forces it to act. It is 
evident that the early establislimeiit of good bowel habits is im- 
perative in order to reguKate elimination in keeping with feeding 
and other daily routines. 

Emptjing of the lioueh is one of the pleasurable eonscrwitivc 
functions of the body and represents a restoration of equilibrium 
uhicli is necessary to continued g*MMl health. The infant who is 
traiiied early to regular habits of <lcfecation is usually a happy 
infant; it is se]*Io!n subject to wnstipation unless other important 
factors are involved. As the baby grow.s into childhood the act of 
defecation is not only pleasurable but interesting and the young 
child not infrequently exhibits animal-like curiosity in what it 
lias passed. Vnder no conditions should the jdcasitrablcness of 
elimination be interfere*! with and no attempt should he made to 
*liscournge natural Interest in it. On the otlier hand undue interest 
should not be encouraged. Every effort toward training In good 
bouel habits must center on the regularity of defecation and the 
institution of measures to make the act comfortable and agreeable 
instead of something to be put off because of discomfort, either 
physical or mental. 

llouel training should be continued throughout childhood be- 
I'ause accessory factors may enter to npset tlic well-formed habits of 
infancy. This is particularly true of the scliool age where the rush 
to get off in the morning and the intrusion of play interests are liable 
to take precedence over regularity of elimination. 

Ill both tlie chiltl and the adult, social factors frequently interfere 
w ith opportunity and desire for bowel action. Embarrassinent often 
causes the act to be put off until all desire has passed and this is 
likely to end in the aecumulation of hardy dry feces and (i\'scliczia. 
UinkT ordinary conditions no such urgency should arise if the bowels 
are habitually emptied at more convenient times. 

Uegularit\ of bowel action is one of the best wny.s of forestalling 
intestinal neurosis wlien other conditions necessary’ for the develop- 
ment of this state exist. Spastic constipation on n neurogenic basis 
is more likely to occur in those whose intestinal activity is already 
disturbed by irregularity and difficulty in defecation. 

Complexes which have a nucleus of emotional attitudes toward the 
acts and products of defecation can best be avoided by training 
children intelligently in the necessity for healthy activity of the 
bowels, and the inculcation of a sensible attitude toward the prod- 
ucts of elimination. Never should shame or embarrassment o\'er 
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eliminative acts be aJlonet! to culminate in prudery and sensitive- 
ness toward the thought or mention of excreta and elimination, or to 
develop into ideas of nastiness connected with them. 

The mechanisms of urination are verj' similar to those of defeca- 
tion and in early life the two are closelj' associated through the spinal 
mass-reflex act in which the child passes urine, empties the rectum, 
sweats, and reflexes its limbs all at the same time. Even with train- 
ing this involuntary association continues for years but at about 
the second year cortical control is able to dissociate the acts of 
defecation and urination so that the j oung child voids urine without 
passing stool. Under certain circumstances the act of urination 
persists involuntarily as enuresis, or bed- and clotbcs-wetting. 
Although a few cases of enureas are probably due to organic factors 
such as adherent prepuce, vulvo-vaginitis, gastro-intestinal dis- 
orders, cystitis, pyelitis, etc., the great majoritj depend on primary 
psychogenic factors. From late infancy and early cliildhood the 
act of urination has been associated with many personal and social 
reactions, and these children are undoubtedly far more aware of the 
importance ^vhicli the adults place on the time and way it is done 
than parents and doctors realire. It must be remembered that a 
primary feeling of satisfaction accompanies the act and that this is 
of first importance to the child. The benefits, both physiologic and 
psychologic, may far outweigh any consequences of the act even 
though the latter may be disagreeable. Furthermore, bed-wetting 
and clothes-wetting draw attention to the child which is exactly 
what it wants. It is claimed by some that enuresis is a protest 
reaction. If this is true it is protest not so much against punishment 
as against the distraction of the parent’s interest awa> from the 
child. 

Nocturnal bed-wetting may persist to and bej oml puberty with- 
out any apparent organic cause. It lias been noted that elimination 
in these cases occurs during profound sleep and the suggestion has 
been made that in this state cortical subconscious control has been 
practically eliminated and the reflex act occurs under stimuli which 
arise from endogenous foci of irritation such as a full rectum, and 
sacral congestion from posture in bed, or from exogenous stimulation 
from too heavy bed clothes, binding night clothes, or too great body 
warmth. Although this might be true the same factors exist with 
non-bed-wetters, and it appears that these may Imj effective causes 
only when the reflexes have previouslj’ been conditioned by psychic 
factors. It is certain that the bed-wetter does not deliberately 
want to do it and probably cannot help it. 

Prevention of enuresis is primarily a problem of training. As in 
defecation, the act of urination should be kept as free of psychic 
components as possible. It must be remembered that the organs of 
urination are closely associated with or are part of the genitalia 
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mill this allows additional interests to insert themselves into the 
use of these parts. The child must be tanpht by ipnorinp it out- 
wardly ami truininp it dellljorately that urination is normal, unemo- 
tional, and can be done without fuss or punishment. 

TRAINING IN THE CONTROL OF FEEUNG AND EMOTION. 

The afTective state or fcolinp wliicli is aroused by the content of 
every gitiiation is frequently' so subtle and unolitnisivc as to be 
entirely overlooked or ignorctl. 'lluis there arc hundreds of psychic 
events which occur every day to wliicli the organism seems to be 
entirely passive. Tlicrc appears to so much accustoraedness to 
the ordinary experiences of daily living that they lose all vividity. 
And jet similar experiences under oilier situations stimulate or 
depress, please or displease, and give rise to conseious feeling toward 
them. To the city dweller a skyscraper is a commonplace, but to 
tbc country visitor it is awe-inspiring; the sight of blood to a surgeon 
is n call to intelligent action, to many It is so disturbing as to cause 
them to fall into a faint. On the other hand the city dweller may 
have marked affective response to the Iwauty of the country, and 
the surgeon may be seriously tipset emotionally by suffering in his 
own family. 

It is the feelings, which give vividness to life, but excessive alfee- 
tivity to things and events which are unimportant is n waste of 
energies and a potential <ia«ger to health. Common expressions 
of this tendency are "he gets all exdte<l over nothing” and "she 
is so highly Impressionable.” The two harmful effects of these 
high-strung feeling tones are interference with intelligent thought, 
and the intense responses they arouse In the physiologic mechanisms. 
No one can be completely logical ami clear mentally who is kept 
keyed to a high pitch over non-essentials. Sir William Osier con- 
tributed an essay on the subject of equanimity which still stands ns 
the paradigm of good advice on how to meet life’s situations calmly. 

Because emotionalism involves feeling, association of ideas, 
inhibition, physiologic activity and attitudes toward the situation, 
the degree of emotional response can be controlled to some c.xtent. 
Although there may be little possibility of controlling the immediate 
response to highly acute and disturbing situations that startle, 
frighten, cause mental anguish and so forth, the perpetuation of the 
response after the acuity' of the situation is passed can readily be 
controlled. Tlie imiicces.sary responsiveness is a learned reaction 
and because of this is open to training in the opposite direction. 

Effective training in eraorionnl response is best obtained in 
infancy. The infant Is concerned only witli itself and soon learns 
to take advantage of every situation which is favorable to its \vcl- 
farc. The mother and nurse encourage it by’ tlieir own emotional 
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response to its needs, and go beyond the essential satisfactions by 
sho\\ering it with attentiveness and sentimental gushing. The 
baby responds and perpetuates the cycle for its own content. On 
the other hand the infant meets with disappointments, frustrations, 
and painful feelings that result from the orderly arrangement of its 
r%}me. If instead of j>erniitling the infant to develop tolerance 
by allon-ing it to express itself forcefully, which is harmless, the 
attendants break down the disciplines because of their own emo- 
tional discomfort, the baby again soon learns the value of its be- 
havior. In both instances associations are formed between situa- 
tional elements, emotional response, and personal gain and a 
satisfying habit pattern is readily developed in the 6rst case by 
prolonging comfort and in the second by curtailing discomfort. 
Such habits of satisfaction at this age will l>e augmented later when 
the acquisition of new ideas supplements the capacities for self- 
indulgence. 

Very young children ma\ show all sha<les and degrees of emotional 
response: they may be phlegmatic, self-contained, mildly responsive 
to justifiably exciting and depressing experiences, ovcrsentimental, 
w’orrisome, afraid, excitable, petulant, or give way to emotional 
outbursts out of all proportion to the inciting stimulus. These 
reactions arc usually not casual occurences, but are repetitive and 
put a stamp to the whole behavior and personality. The child can 
thus be wrongfully stigmatized as sensitive, overaffectionate, 
apathetic, unresponsive, temperamental, irritable, impulsive, or 
ill-tempered. These are not innate temperaments but each has 
developed in response to a personal motive which attained a high 
Value in the child’s total satisfactions. These temperaments jxr se 
would carry no harmful consequences to the individual if the expres- 
sion of individuality was all that mattered. But unfortunately 
other individuals are concerned and the child cannot be left to 
express itself in excessive emotionalism and still expect it to adapt 
and adjust itself to a social environment that may not look at the 
situation from the same point of view. 

Analjsi-i of children’s behavior shows tliat excessive emotional 
responses are not simple responses to the situation but are normal, 
acceptable reactions supplemented by powerful, willful, and de- 
liberate psychic elements siiirounding a central idea. The idea 
assumes greater importance than the cause of the disturbance and 
the child backs it up by strenuous suppression or augmentation. 
The result, when repeated over and over, and become habitual, 
produces a disharmony within the affective life which becomes an 
individual and social liability. 

The growth of ideas around emotional reactions in earl\' child- 
hood is the natural result of exposure to accumulating experiences 
winch have an affective x'alue and consequently produce some 
42 
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degree of emotional response. Insofar as these experiences are 
normal and natural and are therefore stimulating and exciting and 
arouse interest and curiosity they are g(K>d influences; they are the 
dynamos -which charge the personality with healthy responsiveness. 
But if the experiences are constantly painful, uncomfortahlc, and 
Unsatisfying the attempt to crade or change them will call fortli 
undesirable emotional responses. Such experiences are occasioned 
by contacts with nagging mothers, irritating brothers and sisters, 
disciplinary fathers, marital disconls between parents, and by over- 
emphasis on neatness and gentlemanly and ladylike deportment, 
oppressive religiosity, quarrclsttmcncss in the family, mental di-*- 
orders in members of the household, and a general environment of 
tenseness, anxiety or fear. 

Occasionally a child will cultivate an emotional reaction for the 
sake of the emotion alone. It may be likened, with reservations, to 
self-abuse. In these instances expcriciiee.s with the emotional reac- 
tion acc'ompanicd by tenseness of the ImhIj", flushing of the skin, 
accelerated heart action, and other visceral responses, may have 
pro<luced a generally pleasant sensation akin to intoxication. By 
fastening its attention on the result rather than the cause the child 
is enabled later, in less important situations, to e.xporience the same 
exhilaration over again, and this may become liabitiial. Or the 
child may become introspective and l>c able to reproduce tlm 
reaction through memory or imagination. It begins a phantasy 
existence and receives the same joys from unreality as from actual 
experience. 

Another source of emotionalism is found in the complc.x. Tliis 
has been more fully described in the preceding chapter and it only 
remains to be pointed out that a complex is not an inevitable 
consequence of emotional experience. It onl\’ occurs when a perma- 
nent bond is formed between the fcellng-tone, emotional reaction, 
and the idea nr ideas associated with them. It is nut a true liabit 
or a phantasy reconstruction but is an association between new and 
old situations, colored bj a strong emotional tone. 

It is clear that the prevention of emotional excesses is possible by 
training the growing child. The most important feature of the 
attempt must be to order the child’s environment so that it is not 
subjected to exc-cssivc or repeated emotional discords. There are 
many practical difficulties in the w ay of attaining this end but they 
are seldom insurmountable. It involves social readjustment and in- 
struction of tliose in contact with the child how to behave in its 
presence and how to handle it. Occasionally this may have to be 
extended to the psychiatric treatment of deranged members of the 
family. As to the control of the child itself it is only necessary to 
understand that it behaves as it does for good reasons of its own. 
It is only as these reasons con be eliented that any intelligent under- 
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btanding of the child’s problems can be had and the adjubtuieiits 
made. 

It Avas remarked earlier that the unspoiled infant generally be- 
comes an unspoiled child. Such a child even in a disturbing en- 
vironment usually does not go to excesses of emotion unless it is 
encouraged to do so. Good mental hygiene for the normallj- be- 
haved child is therefore to encourage fortitude, make little of occa- 
sional outbursts, satisfy ncccssarj' responses to prevent undue 
frustration, and for the household mcDiber.s to realize that their 
example is more often the determiner of the child’s behavior than 
any tendencies in tlie child itself. 

Complexes are best preventeil by intelligence and understanding, 
and since these are based on the apprehension and use of sound 
ideas, good results can be expected if sound education is started 
when ideas are being grasped. The emotional content of cwnplexcs 
is therefore as preventable as complexes themselves. 

In conclusion it can be statetl generally that abnormal expression 
of the emotions is awjuired and results from predictable causes. 
To avoid it someone must take intelligent precautions to see that 
development is natural and unforced, and that major disturbing 
elements in the en\iroiim€nt arc adjustc<l before the infant enters 
too deeply into the social milieu. The parents alone are in the 
position to undertake this responsibility and this means that they 
must be understanding, sympathetic, and Bnn with the personality 
growing under their charge. 

Emotionalism in the adolescent and adult can he prevented and. 
overcome by the application of more intelligence. Unless there Is an 
underlying defect of the affective mechanisms, ns is possible in 
by steria, the person who has reached the age of discrimination and 
understanding, is open to intelligent self-analysis and deliberate 
control over the afTecti\ e resjKinscs. 'Ilie least tliat can be expected 
of an othe^^i‘'e adequate normal individual is the exertion of suffi- 
cient self-control as not to take undue adrantage of spontaneous 
emotional reactions hy exalting them to the same lfc\el of values as 
he applies to the really important aspects of life. 

TRAINING IN THE USE OF THE INTELLECTUAL FACULTIES. 

The intellectual faculties permit the human organism to act in 
harmony nith or in opposition to situations presented to it, and 
in so doing create and solve problems of adjustment that the human 
shares with no other creature. Although he may instinctively 
satisfy' many of his fundamental needs the human being will not 
rise to the full accomplishment of its capacities, and may’ not even 
5Ur\'ive to do so, unless the intellectual functions develop to a high 
degree of perfection. Intelligence is the only way out for the human 
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race. Because the development of knowledge and the instruments 
which man tises have grown up together it is becoming increasingfy 
more difficidt for the individual to adapt himself to the conditions 
of his man-made environment unless liis knowledge is commensurate 
with his culture. Unfortunately man inherits only the capacity to 
know anci not knowledge itself. For tfiis reason he must learn, for 
if he fails to do so, the consequences to his welfare may be serious. 
To prevent such an outcome some responsible authority must 
direct the use of his intellectual functions when lie is young, and the 
direction must Ite toward the gre.-itest usefulness in the society into 
which he is horn, 

^Yith the eveeption of the mental defectives all men are highly 
educahle. (Tliey may lose some of their educability through ac- 
quired defects but these failures constitute an entirely different 
jjroblem.) The biopsycluc equipment is generally adequate to 
actualize all of the current ideas of the time so that all that is neces- 
sary is to present ideas to it in such a way that tlic perceptions from 
witJioiit are comprehended w'ithin, and to encourage tJje relation- 
ships which the mind recognizc<l of its own accord between the data 
of experience. A homely example of n conception grasped by the 
deliberate presentation of an idea is the baby’s eventual understand- 
ing that it can use the spoon for eating, and an instance of a self- 
discovered idea is seen in the baby’s reach for the teething ring 
suspended above it but wliidi it had never handled. The idea 
comprehended in each case immediately l>ecomcs a datum of learning 
. and is a generalization which can be applied to innumerable situa- 
tions. 

Intellectual training must aim toward the comprehension of ideas 
that will be good for all time and on all O(x:asions. Since the growing, 
moving, marrying, and reproducing oq^nism, and the environment 
at different times and places arc both in a state of continuous change, 
it is inconceivable that any one individual could learn the details 
of all possible situations and experiences. But it is possible to 
imagine one with all the necessarj’ inteUcctual tools to understand, 
examine, and relate the sense data of all of his experiences and to 
know what to do with them. It is therefore understanding of the 
true relationships between the data of experience that constitutes 
real knowledge, and it is the application of this knowledge to the 
elements of a situation that gives the stamp of intelligence to human 
thought and action. 

True education like every other purposive training begins in 
infancy. No one knows wiien an infant first gets an original idea 
hut it must be taken for granted that it does so early. From the 
earliest months therefore it should be presented with situations which 
are as nearly true as possible; to derive the young child is to 
encourage the rlevelopment of maiij,' of the very qualities it is most 
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desirable to prevent. Tills is not to say that it should not be told 
fairy stories. The toddler lives in its self-made land of make- 
believe as soon as it has learned the necessary elements out of which 
to manufacture its imaginations. Fairy tales, myths, and legends 
serve a useful purpose in logic, the premises may be all wong and 
the deductions pure fiction but the child has a happy faculty of 
hanging the elements of its imagination in a fairli’ logical order. 
WTiat should not be done in story-telling is to permit the intrusion 
of emotional reactions of harmful degrees. jMany superstitions, 
beliefs, and prejudices in the adult are the result of impressions 
gained from bed-time stories with strong emotional appeal. 

Formal education must be more than amassing facts and de- 
veloping special skills. These are useful and necessary elements of 
training but they are not the core of intellectual achievement. 
The essence of the thing to be strive<l for is understanding. Under- 
.standing is the highest intellectual accomplishment. When it can 
be acquired toward the important situations of dailj' li\’ing there 
will be fewer difficulties in meeting them intelligently and less 
opportunities for serious maladjustment. Sound understanding of 
why certain happenings occur robs them of most of their emotional 
content. The fear of water for example, is not an essential response 
to being on the water. Even tliough the passenger m a small boat 
cannot swim there are probabilities that can be reasoned out that 
make it unlikely that he will be called upon to swim. Emotional 
reaction can similarly be held in abeyance by sound ideas in situa- 
tions where there is threatened harm, unaccustomed and awe- 
inspiring sights, clamor, noises, etc. Intelligence can prevent ove> 
emotionalism and sentimentalism for their own sake. If constantly 
applied, easily, naturally, and eventually subconsciously, good 
intelligent attitudes are the surest way toward a healthy equanimitj . 

A few special applications of intelligence will he given because 
of their particular usefulness in prevention. Understanding of the 
nature of foods is necessary for good health. It has been pointed out 
that there are no specific appetites created by physiologic needs for 
particular food elements other than water. On the other hand there 
are desires for special foods which may run contrary to neetls. The 
majority of people eat without any knowledge of their food require- 
ments and go through life with far from optimal diets. It is only 
recently that the fundamental principles of the balanced diet have 
become generally known but where they have been applied health 
has been improved and innumerable cases of deficiency diseases 
have been prevented. 

Prevention of disease will benefit immeasurably when the public 
acquires a dear understanding of the nature of disease and the 
virtues of cleanliness, is careful in the treatment of wounds, avoids 
self-medication, accepts the claims of advertisers with caution, 
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practices personal lijgieiic and care of tlie tcetli, ej cs and ears, and 
adopts discretion in tlie use of intoxicants and stitnidartts. T/iese 
virtues are learned and must frequently be maintained against 
strong odds. Only a firm conviction of tlieir value, based on reason, 
can combat the superstitions, prejudices, falsifications, and emo- 
tional attachments that work in opposition to them. 

Awareness of the elements in a dangerous situation implies the 
application of intelligent thought to the probabilities of danger. 
Driving a motor car tlirough traffic is such a situation. If a driver 
is aware of the power of his car and its potentialities and knoAvs how 
fast he can dri\’e it with safety and bow quickly it can be stopped ; 
if he has acquired a sense of anticipation toward what other drivers 
about him are likely to do next; if he knows the traffic regulations 
and intelligently respects them; if he has further anticipated troulile 
by seeing that Ids ear is in go<xl condition before starting out; if he 
realizes that he can’t talk and l>c distracted and keep his mind on his 
job at the same time, that driver will seldom get in serious trouble. 
The same applies to the pe<lestrian (robsing the street, tlic workman 
at a circular .saw or on a high scaffolding, a person with pain who 
reaches for a sedative in the medicine closet in the dark, and every- 
one who becomes involved in situations where intelligent precautions 
can be used in the prevention of accidents. 

TRACING IN THE APPREaATION OF PERSONAL VALUES. 

There is hardly any aspect of personality less predictable than the 
personal values or so-called character traits of an individual. 
\Vhereas the emotional and Intellectual characteristics may he seen 
to unfold and reveal themselves in outward behavior the personal 
values remain largely hhlden in the private inner life. They ma\ 
participate in or shoAv themselves in behavior but it is difficult to 
know in any given case just Avhat part they are playing. For 
example, it may be assume<l that a certain person is honest because 
he has always appeared so, and yet there may be little real honesty 
in him; what he show.s is false, exp«lient, and valuable to his own 
interests. 

Personal values are fundamentally built-up beha\ior patterns 
which have a purposeful meaning to the individual. They are 
neirffer sienph intellectua} responses to situations nor ileVi^rate 
attempts to hold on to pleasant situations or to get rid of unpleas- 
antne.s.s. Thej are compounded of both of these, frequently w itli 
considerable emotional tone, plus a far reaching teleological sig- 
nificance to which a high personal toIuc has been attache<l. 

Their origin is thus liitlden in the whole developmental process 
and it is often impossible to explain how thej came about in any 
given ease. Frequently, they arise contrary to all expectations ami 
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hi the face of a general environmental influence that would seem to 
be more likely to develop character of a different kind. Neverthe- 
less there must be certain favorable or adverse conditions in the 
environment with which the whole personality has to deal, and in so 
doing, evolves an attitude toward them which aims toward satis- 
faction. The apparent secrecy with which some character traits 
are surrounded is evidence of their purposiveness, for to reveal 
them too clearly might defeat their purpose. Those in wliich an 
advantage can best be gained by overt expression do not require 
indirectness but may be revealed openly and honestly even though 
they may not conform to the opinions of society% 

Character training is an attempt to inculcate those traits which 
society brands as good and to combat those designated as bad. 
Inasmuch as what society wants is not necessarily what the indi- 
vidual thinks and wants it is obvious that without deliberate 
training it will be largely a matter of chance that the character 
traits will conform to social acceptance. Training is most likely to 
be successful in early childhood. Because many of the character 
traits depend on learning, positive training should be applied in 
this period when learning is most active and new e.xperiences make 
the deepest impressions. The \oung child's pcrsonalitx development 
is a personal experiment; it is trying itself ont under all kinds of 
conditions and circumstances. Successes and failures follow each 
other rapidly, and the j oung mind is unable to adopt anyone attitude 
which w’ill bring success most of the time. But eventually it 
evaluates some one or more trends which it finds useful and begins 
to crystallize them into purposeful lines of thought and action. 

The terms applied to the particular character traits unfortunately 
do not bring out their full significance. Thus timidity is looked 
upon as a negative virtue and implies the lack of its opposites, aggres- 
siveness and courage. But from the point of view of the timid child 
it is a wise trait to cultivate. Somewhere at some time in its de- 
velopment the child has met repeatedly with situations with which 
it could not cope without retreating. But the very retreat saved it. 
By adopting a general attitude of retreat it makes it appear to others 
as though it were afraid and it is called a timid child. The child 
on the other hand is inwardly happy in its success in evading dis- 
comfort and inferiority. This important conception is owed largely 
to the Adlerian school of psycliologj'. Cautiousness is a little less 
retreat than timidity; the child is still willing to experiment but 
tries out the situation first. Courage is the positive, aggressive 
phase where straightforwardness backed up b\' self-assurance, or 
false courage supported !>}• bluff, is found to succeed often enough to 
serve the purpose. 

A child is often spoken of as inherently truthful. There is no 
inborn trait of truthfulness or any other character. 'Die truthful 
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child learns truthfulness as it learns everything else, but Inter, when 
reason and logic arc understooil and applied, it may rationalize its 
unreasoned truth and adopt it as a way of life. In its beginnings 
the child adopts accuracy in retoiinting its exploits because it brings 
satisfaction to do so. Another child in the same environment may 
be as habitually untruthful because its own personality does not 
fit into the environment ns satisfactorily when it tells the truth, 
lloth of these ehiltlren are being honest with themselves and that 
is all 'that concerns them. 

There are a number of traits that possess in common a feeling of 
superiority. They are, in a more or less ascending scale of intensity 
(but not of \alue): initiative, ambition, pride, vanity, conceit, 
impudence and arrogance. In ibemselves they are neither good nor 
bad, but they have different social values. To their possessor they 
are all of value, and to different degrees satisfy the fundamental 
trait of all organisms, winch is the desire to succeed (or tlic necfl to 
succeed if expressed biologically). 

Their opposites, the inferiority traits are: modesty, lack of ambi- 
tion. and initlati%'e, lack of fortitude, dependence, overobedienco 
and servility. Here again the traits do not conform to social value. 
Obedience is ordinarily given a high positive value by society, but 
the overobedlent child is a non-aggressive child and frequently 
exhibits au almost negative personality . 

The aim of character training Is to cultivate those traits which 
seem to be most desirable for the individual in tlic circumstances 
in which it is reared until it reaches the age where it can discriminate. 
This is justifiable if assistance is given later in its attempts to dis- 
criminate. It seems to lie untrue that the character traits of early 
life invariably become fi.xed for all time. An untruthful child can 
he taught to become truthful, and an ambitious one can have all 
ambition ‘‘knocked out of it” by poor training later. Parents, 
teachers, and guardians can do no more than encourage by precept, 
example, and teacliing, what tliey beliera are the best traits for their 
charges, and to support this effort by presenting the learning child 
with sound ideas which it can apprehend and apply to itself as its 
Iwsis of success. 

TBAININO IN SEX NEEDS AND SATISFACTIONS. 

One of the fundamental purposes of the individual ns a unit of 
society is to serve as an instrument for the propagation of its kind. 
But it is an incomplete instrument because the perfect fulfillment 
of its use involves the cooperation of its complementary unit of the 
opposite sex under the bisexual plan of human biology. From this it 
follows that the incli\‘idual must participate in the functions of Ins 
social environment insofar ns this Is nec^sary for the biologic ex- 
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pression of his sex needs. And fiirthennore it is only by this expres- 
sion tlmt he can normally and completely fulfill his highest biologic 
function. 

Taken in its entirety sex per\'ades the whole organism as a 
primary plij-siologic hunger that arises from disequilibrium in the 
Sex mechanisms— gonads, sex organs, erogenic tactile sensations, 
reflex arcs, the integrations of the senori-raotor nervous system and 
endocrines, and the higher psychic functions. It is useless to talk 
of se.x simply as desire and gratification or as part functions like 
love, eroticism, sensuality, and a specific sex energy (libido), or to 
consider as entities such conceptions as self-love (narcissism), 
parent -child attachment (cedipus and electra complexes), homo- 
sexuality and other so-caJJe<l perversions— these are all qualifica- 
tions applied to particular expressions of the sex-need as they 
appear at certain levels of the sex fjinctions, with or without par- 
ticipation on the social level. 

There are two main divisions into which sex-needs and their 
resulting satisfactions can be considered: (a) within the organism 
(personal), (6) between organisms (social, heterosexual). 

In the infant, and in the child up to the age when the gonads 
become functionally active sex is entirely personal. The sensations 
arising from erogenic tactile areas of the body, particularly those of 
the lips and genital regions are very nearly the sole expressions of 
sexuality in the infant and young child, but not completely, be- 
cause at a very early age psychic components enter into the expres- 
sion, as revealed by emotional reactions associated with irritation 
or manipulation of the erogenic areas. The whole reaction may be 
likened to a closed electric circuit— the impulse arises at one point, 
is transferred throughout the mechanism, and its energies are all 
expended >vithin the mechanism. 

In the pre-school child sex-feelings still arise from tactile stimuli 
but they are augmented by more deliberate attenti\’e«ess to them. 
This results in the child showing more interest in itself and its feel- 
ings and a corresponding attempt to obtain the maximum of pleasure 
from them. 

The attentiveness comes from awareness of the sensory areas 
brought about by urination, cleansing of the genitalia, kissing and 
caressing. Consequently the cliild continues thumb sucking and 
handling of the genitalia and eventually anticipates the touch of the 
mother or nurse and others who may care for and fondle it. Any 
element of attachment to the parent, if due to sex factors at all, is 
nothing more than consideration of the parent as the stimulating 
agent — most of the attachment is on the basis that the parent is the 
source of nutrient, the protector, the satisfier on all other levels of 
behavior. 

Unquestionably, this is the great conditioning age but the extent 
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of sex conditioning is very linutcd and almost entirely confined to tlic 
tactile senses. Any sex associations whicii apjwar to involve the 
social factors are only of such a kind as to facilitate the approach or 
access to the person or object which will call forth the tactile re- 
sponse. There is no evidence that the prepuberty child can get any 
kind of sex satisfaction frmn sex thoughts alone— it must have the 
tactile stimulus. Erections seen in young boys may occur from 
reflex stimuli but not from psychic control. 

The curiosities of young children about the sex apparatus of 
their plajunates is of the same order. Tliey arc not sex conscious in 
their investigations but it is reasonabte to assume that what is of 
interest in themselves is of interest in others. Tins is an intellectual 
process and arises in the same way as other curiosities. With the 
formation of new thought associations it is only natural that some 
of the .social experiences will involve associations with the genitalia 
both of the child and its fellows. No matter how much interest 
of this kind is shown it does not give rise to sex feeling unless 
erogenous xones are aroused by touch. And even if two young chil- 
dren should play with each other’s genitals it still cannot be said 
that they ore satisfying any bisexual needs, they are merely utilizing 
a playmate instead of the mother, nurse, or their own hands. 

The aixiusing of any sensation as pleasurable as that resulting 
from erogenous stimulation may readily become a habit. It is 
more likely to become so if the act is allowed to bo repeated under 
similar circumstances so that the circumstance itself becomes the 
conditioning factor that starts off the train of thought toward 
gratification. Whatever attempts can be made to control the estab- 
lishment of habits such as handling the genitals, playing “peeping 
Tom,” and sex play between children must take cognizance of the 
fact that they do these things only because they happen to think 
about them and not because they feel any sex urge. If there is no 
local stimulation of se.x sensations no true sex impulses will be 
aroused. Children who have been raised without the sex taboo 
have minds almost free of such associations and can play naked 
together without embarrassment or excitation of sex feelings. 
Tlic distance stimuli cannot initiate sex response at this age. 

It is highly desirahle to prevent sex habits in childhood because 
if the habits persist through puberty they are likely to become 
associated with bisexual activities in such a way as to influence 
attitudes towanl normal gratification. To accomplish tliis tlie child 
should be raised in an atmosphere free from emotional restraint in 
the interest in sex, and every attempt ma<le to prevent excitation 
by undue handling, especially during the performance of routines 
such as bathing, nursing, fondling, and putting to bed. The per- 
nicious practice by child nurses of caresring the genitalia in order to 
quiet the child is ahsolutely interdicted. 
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Little if any notice should be taken of children found in the act 
of self gratification or indulging together in sex play. Unless much 
has been made of it previously, what the children are doing is not 
of very great importance to them, and their attention can easily 
be diverted by intelligently and quickly interesting them in some- 
thing else. Young boys frequently masturbate when they are left 
alone at night to go to bed. The habit arises from self-interest 
daring undressing and bathing and the associated memories of 
previous occasions when they had aroused sensations in them- 
sel\’es. Now that they are alone it is easy for them to repeat the 
act. ^Yhen such a habit has been acquired it is notoriously difficult 
to break without making matters worse. If the parent adopts the 
attitude of spying it only drives the boy to subterfuge and exag- 
gerates the importance of the whole affair. They may then become 
introvertive and make opportunities for self-indulgence. Since 
these boys are generally old enough to talk to reasonably the best 
procedure is for the parent w ho has the most ability to do it without 
scolding and embarrassment to talk frankly with the boy about it 
and then ignore it for a long time. It can be done again If neces.sary 
but in the meantime, even if the boy continues he will do no par- 
ticular harm to himself. Accessory measures such as leaving the 
l>ed-roora door open and the hall light on, and giving him some 
absorbing interest before he goes to sleep, may be of c-onaiderablo 
help in keeping down the habit but can seldom be counted on to 
break it. 

To prevent the habit the most effective measure is to encourage 
the natural interests of tlie child. If he can be gotten to think over 
the activities of the day or to plan for tomorrow, or to perform 
such feats as imaginative inventions, and making up stories offer 
he is undressed and in bed he will most often fall asleep before 
associations are able to arouse thoughts of masturbation. 

The general behavior pattern of children can be so permeated with 
reactions related to sex that they appear to be primary sex behavior 
problems whereas actually they have no real concern with sex in 
the social sense. \\Tiat they exhibit are complex thought associa- 
tions acquireil by suggestion, mimicry, and imaginative phantasy 
constructions which they have picked up from stories, observations 
of the behavior of older boys and girls and adults, motion pictures. 
Illustrations and all other sug^stions of human sev relations. 
Beneath their sex-pretending lies nothing more than emotional 
response which has no more spedfic bearing on sex feeling and 
excitation than the emotions of ordinarj' adventure and experience. 
What happens is that some of these associations may bring about 
situations which result in sex sensations on the purely physiologic 
level. These children may be interested in sex and want erotic 
sensations but they caiinot get them until offer the tactile stimuli 
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liave aroused tliem; they may be sex-minded but they are not sex- 
conditioned. If this distinction h clear in the minds of those who 
attempt to prevent or correct siidi f)diavjoriscn many difficulties of 
child training will be avoided. 

It is natural for the young cbil<! to Inquire about what it sees 
and hears about sex, and it will demand some sort of explanation. 
But explanation must not go beyond wliat the child can compre- 
hend and so far as sex is concerned this amounts to almost nothing; 
it cannot understand bisexual relationships for the origin of babies, 
and the physical basis of marriage as an explanation of husband- 
wife behavior would remain a complete mystery to it. The simple 
questions of children must be answered as simply as they are put, 
with the precaution not to arouse further curiosity by presenting 
them with new problems. 

Sex shocks in childhood may produce lasting harm by their later 
assoei.ation as memory e-xperionecs with actual bisexual relations. 
Thus, the young girl who has been attacked sexually and the boy 
who has been used by homosexual men may have psychic scars 
which never heal and are the bases of true sex complexes in later 
life. The minor sex associations of childhood may also remain as 
causes of sex conflict if the components are sufficiently vivid and 
emotional when they arc arousetl by later experiences that can relate 
themselves to them. With good training most of these latter can 
readily be disposed of by rational understanding. Efforts to break 
the sex associations of childhood must be applied coincidentally with 
the development of true social sex consciousness and the time for 
this is before or at puberty. 

Puberty institutes a new biologic era in child life. It is cljar- 
acterized by active ovulation and spermatogenesis, accompanied 
by profound changes in the whole psychobiologic unit. Masculinity 
and femininity become more outwardly apparent in physical 
structure, growth tempo, and psychic attitudes and responses, but 
of even greater importance than these are the invisible changes with- 
in the organism. The activity of the gonads, pituitary, and other 
glands of internal secretion, require the establishment of new’ 
balances, and the integrating nervous sj'stem is strained to par- 
ticipate in the readjustments. The psychic and emotional activities 
respond to the new order and reveal themselves in desires, be- 
haviors and satisfactions that tvere unkno^vn to the organism before. 
In this milieu, sex plays a dominant role; it is not only a quantitative 
increase in sex activity but a new responsiveness to sex needs. 

Before puberty sex feelings ^ve^e purely physiologic in origin. 
With the appearance of new mechanisms of sex gland activity stimuli 
other than tactile become able to excite sex-feeling. These dis- 
tance stimuli, sight, sound, and odor stimulate their appropriate 
receptor mechanisms and register their effects on the psychic level 
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as particular feelings. If these feelings iiave sexual associations the 
emotions aroused express themselves as usual in vasomotor and 
secretory responses throughout the body, but in addition now call 
forth autonomic responses in the genital apparatus by means of the 
hew sex mechanisms. It is even possible for auto-erogenous thought 
processes to initiate an emotional response that can operate in the 
same way. The result in both instances is the institution of physio- 
logic states in the sex mechanisms which give rise to imbalances and 
tensions that have an underlying quality of discomfort. This is the 
physiologic basis of the sex instinct. It is a need that calls for satis- 
faction and in the human, satisfaction is gained by deliberate psychic 
attention to it and the appropriate subsequent behavior reactions. 

The pubescent child is a sensitive psychobiologic unit that can 
respond to external distance stimuli that may be associated with 
sex and is even sensitive to its own thoughts. In this sensitive state 
it is not long in recognizing that its own sex feelings are aroused 
most intensely by tlie sight, sound, odor or thought of the other 
sex so that girl and all that pertains to her becomes a sjTnbol of 
sex feeling for the boy, and the girl recognizes the same response to 
her opposite. 

The behavior that results from this powerful and growing sensi- 
tivity ^dll be highly conditioned by past habits and thought associa- 
tions of earlier childhood. As experience increases in this new state 
the opposite sex becomes more and more involved. The child can- 
not at first understand the full meaning of the now sj mbollsm but 
as knowledge and understanding grow the young adolescent becomes 
aware of the need of the opposite sex for the satisfaction of its 
feelings. Bisexual (heterosexual) sexuality is now a reality and the 
problem which it raises must be solved. 

The wide variations seen in the intensity of sex life and interests 
of individuals cannot be laid to any single cause. To say that 
they are oversexed and uiidersexcd is a truism. Nor is tlic overt 
behavior a true reflection of tlie real intensity of sex responses 
within the individual. There are, however, se^'eral factors that go 
to make up the total sexuality. On the physiologic basis, female- 
ness and maleness are now considered as quantitative aspects of the 
balance between the female and male hormones. Altliough primary 
sex determination is a function of the chromosomes, the phenotype 
or actualized individual manifests more or less femaleness or male- 
ness as the result of postconceptional gonad and other hormonal 
influences, 'fhe explanation of why the endocrine balance favors 
male or female secondary sex tendencies is not yet known but 
developmental changes, resulting from extra-sex factors, may be 
important. The total result in the individual is to produce average 
males and females and between them all degrees of female aspects 
in males and male aspects in females. 
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On tlie P‘5} clioloKic lc‘\ el there are females wlio otJierwise appear 
entirely feminine, but who adopt male attitiules and some of their 
characteristie behaviorisms, and males are seen wlio act In a highly 
feminine manner but do not look fcmintiie. These disharmonious 
types are highly tondiliomsl by past experiences and training and 
possess associations that do not conform to their sex potentialities. 
In many of these there is no iiecil to postulate any physiologic 
difTcrenccs in their sex types for a careful analysis of their past 
history frec|Uently reveals the fact that they have been subjected 
to social environmental iitfluenecs tliat made it ex|)c<lient to react 
in certain ways for tlieir own satisfaction; tbc toin-boy girl may thus 
carry Iier masculine ways through puberty and interpret her sex 
feelings with this boyish coloring. 

Hie third disharmonious type is theyouiig Iwy or girl of adolescent 
}'ear3 who is over-, or undcreinotlonal. The emotionalism may be 
real, as it is in the spoiled tantnim-exhibiting child, or it may be due 
to constitutional inadequacy of tbc affective meebanisms, as is 
suspected as the basis of liystcria. In these bo> s and girls the emo- 
tionalism of chlldliood becomes confused with the sex-emotion 
responses after pulierty and produces reactions which appear 
inappropriate to their sex. 

In the normally sexod, variability in sex behavior is largely 
detcrminetl hy the balance between the acceptance of personal and 
social values. (The latter are discussed more fully in the next 
section.) In another place, it was pointe<l out that what society 
wants is not necessarily what the individual wants. If the two 
dictates coincide in an individual’s value of sex bis sex-bchavior 
will correspond with social acceptance. If. on the otlier hand, there 
is little correspondence between the two. the individual has two 
alternatives; he may repress inwaitllv' and conform outwardly, 
or lie may exercise his individualism and scorn social opinion and 
even law’. 

In all degrees of sexness, Iwliavior is largely preconditioncil, 
that is, the individual does not ahniptly ehaiigo over to new atti- 
tudes and behavior just befnuse sex references after puberty arc 
made to extra-personal n’ldtionsldijs. Wliat ^•aIues be or she 
possessed at pubertj’ remain as the acccpte<l values for at least some 
time during adolescence and may persist throughout the remainder 
of life. 

The culmination of the sex-instinct in sex-experience is the natural 
biologic course of events but in Western societies is permitted only 
after marriage. This is a sodal expedienc}’ to prevent chaos in the 
social problems of personal rights, propert}-, inheritance, democratic 
representation, taxation, etc. These factors ha\e no primary 
concern with sex but are Inwlved in it whenever tiie family is set 
up as the social unit. In this milieu of btrudiug factors the primary 
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biologic urge to mate is facc<l with a contradiction that it must 
resolve. It is fac-cd with the need of going ahead in its own individual 
way or accepting a dielectic course that will conform to social 
decrees and give some degree of personal satisfaction. In this 
impasse it is a wonder that all adolescents do not iminetliately 
plunge into sex-experience and satisfy their needs completely. 
The important question therefore is not why juvenile sex-delin- 
quency occurs but why it does not in so many instances. It is easy 
to understand why one youth follows his desires and seeks satis- 
faction but it is not alK'a\’s clear why another does not. 

The answer appears to lie in the presence of a number of “checks” 
on overt sex gratification out of marriage (in Western cultures 
particularly). These checks arc the acceptance by the individual 
of certain personal and social values; they arc neither perma- 
nent nor infallible and can be elTi-ctive only insofar as they domi- 
nate any particular situation. A few of them may be mentioned. 

(1) Family pride. In a survey of niecileal students taken by the 
author to find out why those who had never had bisexual relations 
before marriage, had not done so, family pride was one of the com- 
monest answers. The subjects could not break this c-oncept down 
into any more definite elements and admitted that it was not neces- 
sarily either an intellectual, emotional or sentimental attitude. It 
was described by them as a general feeling of loyalty to the princi- 
ples which had always been paramount in their family conduct. 

(2) Fear. The fear of conception and the fear of venereal disease 
was the most commonly found check in the same study. Obvi- 
ously this is not an intellectual restraint because neither conception 
nor venereal disease is a necessao' conseqttcnce of sex exposure and 
it becomes even less so with knowledge of contraceptive and anti- 
venereal prophylactic devices. Any indii'jVlual who is at all accus- 
tomed to taking chances in other aspects of life will not be stopped 
by the small odds presented by the use of preventi%e measures. 
Fear of the ability to consummate the sex act was not included in 
any of the answers but it is a commonly accepted psjcliologic 
restraint. It appears to originaffc from a feeling of inferiority. 

(3) licUgic^}. Spme few of tite medical students were checked by 
religious attitudes toward promiscuous sex indulgence. When 
religiosity is a strong determiner of behavior there is no more power- 
ful check on liberty of action in sex practices. That it is not com- 
plete or permanent is revealed by the innumerable instances of 
failure made familiar to ever 3 'one through confessions made in the 
church and elsewhere. (4) Social obligations. In the culture of 
America, at this time, soriety is opposed to promiscuitj and laws 
are made to uphold the integrity of the family and to prevent the 
commercialization of vice. One who accepts these dictates may 
carry them into his social behavior and refrain from acting against 
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the law and liis own conscience. (5) Respect for women. This is 
an attitude compounded of many elements. It is a high ideal bascti 
on a general acct'ptnnee of the respect and love which is due to 
women generally and to the mother and sisters in particular. \Vlicn 
it is applied w'ithoiit discrimination to all representatives of the 
female sex the possessor is not likely to perform any act against 
one of their numher which will, aecordhig to his ideal, degrade both 
her and himself. (G) Self-esteem. 'Hus is put on many levels. 
Tlicrc arc young men and w(*men who understand the fundamental 
principles of sex and reserve to themselves the right to be particular 
in the exercise of the sex function. There arc some who feel de- 
graded by giving in to a desire which does not have to be gratified 
at this time. Many delay the first experience until it can be con- 
summated with a particular mate whom they expect to choose as a 
life partner and feel that they would l>e cheating themselves out of a 
supreme delight in spoiling tt with a non-love mating. Finally 
there is the shy, fearful individual who feels that he or she could not 
enjoy the consummation unless evciytliing concerned w’as ideal; 
such a person is living in a fairj’ story existence and would probably 
be disappointed under the liest conditions. 

The subject has been sufficiently reviewed to indicate that sex- 
belmvior Is largely a matter of sex-thought conditioning. When it 
becomes necessary therefore to take positi\’e steps to direct sex- 
behavior in order to prevent delinquency, perversion, etc., careful 
consideration must be given to the motivations undcrl\ ing not only 
the observed reaction tendencies but also the inner associations that 
direct them. The parent, teacher, physician and religious adviser 
are all in a position to inculcate intellectual associations that lead 
to rational behavior in sex matters. None of the attitudes described 
above are fixed and uncliangeable. It may be difficult to alter 
habit thoughts and to erase complexes but it is not impossible. It 
is far easier to try to understand children and train them according 
to their particular tjpes and tendencies In the expression of e%en 
so private and personal an affair ns sex. 

Sex s.\ niliolization becomes so*difruse for some people that almost 
every situation contains some sex element or some association that 
can he related to sex. Tliese are the constantly sex-minded tjpes 
Init they are not necessarily excessively se.x-bcliaving. They, like 
all others, have only their particular likelihood of translating sex 
thought into sex action. Tliej' are, howe\'er, always in danger of 
having tlieir intellectual processes and personal values interfered 
with by the importunity of sex associations, and the association 
habit is therefore undesirable from the point of view of balance 
in the whole personality. 

The solution of the problem of sex satisfaction is seldom possible 
without some conflict. Suppression to some degree is essential in a 
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cultural coraraunitj where 5>ex promiscuity is taboo on any level 
whether legal, religious, moral, ethical, or unexpressed social custom. 
The conflict between necessary' suppression and overt sex-behavior 
can be solved by continence and complete celibacy, the adventurous 
indulgence in occasional sex gratification, or by marriage. When 
one of these logical solutions meets with contradictions within the 
circumstances of their practical application, further adjustments 
become necessary. Continence may become intolerable, casual 
gratification may not be satisfactorj*, and marriage may not bring 
forth the idea! adjustment hoped for. Tliesc are serious set-backs 
to desire and if the normal desire cannot be obtained by a new 
dielectic which introduces changed attitudes and altered values there 
is always the possihiIit\ that the individual mas adopt even more 
unsatisfactory solutions coininonK referred to as perversions. 
Perverts are made and not born. Even though inborn or consti- 
tutional defects exist which make normal sex acts impossible or 
uncomfortable they do not necessarily lead to perver&ion. The 
perverted sex act is the outward expression of psychic factors which 
have altere<l the personal values and their consequent behavior 
trends; they are the results of poor diclectics and as such must be 
looked upon not as disease but as correctable disorders of psycho- 
genic origin. This conception makes it possible not onl> to cure 
perversion but to prevent it. A proper understanding of the con- 
flicts involved, with knowledge of the altered attitudes and values 
which enable them to Iks actualized in perverted bcha\ior, should 
permit outside interference through teaching and training, and 
providing for normal outlets by environmental readjustment. 

The selection of a life mate does not necessarily mean the solution 
of sex problems. Ideall> it should, for selection is generall% volun- 
tary and personal and involves a nii.xturc of intellectual appreciation 
of the virtues of the partner as the chooser sees them, and an emo- 
tional attachment that arises from the symbolization in one partner 
of all that the other considers most desirable. In addition there are 
the appreciations of like interests, similarities of tastes, comple- 
mentary abilities, skills and potentialities, and the economic proba- 
biiitics o/ a successful juatch. Actually, this ideal is seldoju renJJzcd 
completely and the happy marriage is full of dielectic by-paths on 
the part of both partners— commonly called compromises. The 
part played by sex in this perilous adaptation is great. It must not 
and cannot afford to dominate the situation entirely because of the 
immense variability in the desires of the partners from time to time, 
and the necessary interruption of gratification during periods of 
separation, menstruation and late pregnancy. No marital union 
can be permanently satisfactory to both partners if sex is the main 
consideration all of the time and possibly for even the greater 
part of the time. Sex technics in marriage are not difficult to 
43 
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master on tlie pliNsical level but are notoriously so on the psycliic 
level. Intcllipcnce, control of tlie eniotioiiy, eradication of unrelated 
sex associations carried over from the pre-marita! life and the culti- 
vation of franh, mutual undcrstandlnp Ijctwccn luishaiid and wife 
as to each other’s problems in n^id to sex gratifications, make the 
best insurance for marital ntx-onl. 

In conclusion, a word jniist l»e said nhout continence. The medi- 
cal profession has declared its disbelief in any ph> sical harm result- 
ing from continence. Psychic harm may result if continence is not 
in harmony with the inner values of tlic itttiividual because it icsults 
in painful repressions and psychic perturbation. The advice to 
young men that .sexual intercourse is ph> biologically necessary is 
as faulty as to tell them that thc\ should have sex experience before 
marriage so that they wdll l)c better expcricneed when they liave 
taken on the robponsihilities of a life partncrsliip. Sex relationships 
before marriage, unless thej are earricfl out w itli the same afl’ccticmal 
attaeliments as in marriage and nitbout social and personal restraint 
can be of little help to the intended liusbaud or wife. Promiscuoub 
experienws outside of marriage are seldom with virgins, they are 
without responsibility, and tijcre is little or no real nfTection in- 
volved. This is (juitc the opposite fnnn the bride and groom rela- 
tionship. Wliat is uecdwl far more than physical experience is 
sympathy, tact, understanding, ami personal control. 

TRAINING IN THE ACCEPTANCE OF SOCIAL VALUES. 

llocause man can only c.xcreisc hb full fimcthui b\ purtieipati«)n 
in a social group the social relationship becomes as important to bis 
existence and welfare as his interna! psyehobiologic integrations. 
Social values arc functions of the group rcUtionshipa and therefore, 
insofar as thev influence the iiuUvidualb of the group, constitute the 
biosocial factors of their environment. These factors are unavoid- 
able and the success of the individual rests largely on his abiiitv to 
adapt himself to them. On the psychic level this means the con- 
scious acceptance of the values and voluntary adjustment to them. 

(Jescll has e.xprcsscd the kejnote of this acicptauce when he says 
'‘the individual must repress, in onler that another may express.” 
This is difficult to accomplish when the individual is of the aggres- 
sive, ambitious, individualistic tvpe, ami is overdone in the re- 
treating, shy, fearful, ami overmodest. Tiie intermediate t\pc is 
more successfully adapted but relativelv uninteresting and probably 
does not contribute as much to human progress as the less well 
adapted. The aim is therefore not toward a static neutral adaptation, 
but individual c-onformity to tlie laws of society witliin the limits 
of successful adaptation. 

The conflicts between mdiv’iduallsm and social conformitj arise 
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iinniediately after birth with the first expressions of dissatisfaction by 
the infant at the way in which others fail to comply immediately 
with its demands. Through conditioning, tlic baby’s demands be- 
cojne timed and less importunate, and thus a passive adjustment is 
attained which is satisfactory to all concerned. This process goes 
on in many activities until the time arrives when ideas, thought 
associations, and voluntary behavior responses come into control 
and meet with the equally demanding responses of others. Many 
of the resulting conflicts have been enumerated in the p^ec^‘ding 
discussions of the instinctive needs, emotions, intellect, and sex. 
Running through the responses in each of these categories, there 
have been conflicts, frustrations and successes, and in each the 
necessity of some solution to the problems aroused has been indi- 
cated. 

The real give and take of life begins with play between children. 
In the earliest associations of play, children learn that evcr\ thing 
is no longer on their side but that each one wants the red ball at 
the same time but only one of. them can have it. The little red ball 
and the solution of the problem of who wdll get it, and how, and 
why, tjTJifies all social relationships. 

Reneath each problem lies the individual’s desire to succeed. 
This, according to Adler, is the prime motivator of human behavior 
because it is an elemental neefJ which deman{)s satisfaction. That 
“nothing succeeds like succ-ess” is one of the earliest les'^ons learned 
in social behavior, but this is (pilcklv followed by the knowledge 
that success is not an invariable con'cquence of desire. To cir- 
cumvent this apparent impasse the device of indirection is soon 
discovered so that even outward failure becomes inward success. 
On this basis everyone succeetls, but at a price. 

The implications in this brief picture of struggle and success are 
many. In the first place it is important that the desire to succeed 
cannot be permitted without giving some consideration to the desire 
by others to succeed. The “well brought up child’’ has learned his 
first implication, the “spoiled child” has not. This does not mean 
that tlie first child is any more negative and supine than the over- 
jjwJuJgcd becoiui; it i* certainly better adapted and, the Jong rnn, 
has the greater success. Bringing the child up properly, in this 
respect, is not "breaking its spirit,” "holding it down/' “ruining its 
individuality,” or any of the other absurd generalizations made 
about the process. It is training the child to understand that it is 
only one member of society and that all others have rights equal 
with its own; that everyone cannot have everything at once and 
compromise must be made somewhere; that such things as thought- 
less interruption of others’ important activities, destruction of 
property, smartness of behavior and showing oft’, disobedience for 
unreasonable purposes, overemotional demands, sulking and im- 
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pertiiieucc, and whining, cringing, or spineless responses to 
correction, arc not cute, pleasant, good-mannered traits, and 
under many circumstances are intolerable. The opposites of these 
undesirable traits can be attalnerl by giving calm, considerate 
and thoughtful consideration to the minutifc of behavior as it is 
being formed in the cradle and the playroom. The program at tliesc 
earliest ages does not call for interference with the child’s attempts 
to satisfy its desires ns much as it does an intelligent arrangement of 
the environment so tliat successes and failures are well distributed, 
and the emotional elements are not aggravated. Children soon learn 
to take disappointments caused by other children with whom they 
can cope on even terms. They must he expected to fight and quarrel 
for this is their only defense. In lime they learn to appreciate the 
social value of give and take, but in the early years it is nothing 
more than an emotionally’ conditioner! pattern of behavior. 

\Mien the child starts its schooling it is harassed by a multi- 
plicity of contacts and conflicts and is expected to meet them without 
the support of mother or nurse- Frustrations and successes become 
more accentuated, and frequently the former may be so acute 
as to send the child scurrying back to the protection of the home. 
Extreme tact is required in the handling of such cases. To be 
oversympathetic and protecting too often results in prolonging 
dependence on the molhor, and the child thereby finds a new avenue 
toward success. If undue harshness is directed toward the unad- 
justed child it will seek satisfactions in far more undesirable ways 
such as indulgence in o.xccssivc emotional outbursts, disobedience, 
frank refusal to return to social contacts, or belligerence. The 
principal on which such children must be dealt with is that of com- 
promising with the child in the present situation ‘<0 that no vin- 
dictivene.ss w'ill be aroused and tlic whole episode will be passed 
over w'itii as little permanent associations witli the event as possible. 
The child should be accepteil on its own le\’el, not coaxed or cajoled, 
but at the same time not made to feel tot) comfortable about its 
temporary victory. 

One of the commonest de\icvs of children to attain success is by 
co6perati\'c effort. Every classroom, playground and neighbor- 
hood group is a scene of shifting alliances to suit the needs of the 
moment. Where one child cannot gain its point, two of them work- 
ing together often can. Tliis is the anlage of group action, gangs, 
and similar youthful and adult associations. But in early and even 
late childhood the integrity of the group is never assured from 
day to day; they are expedient adherents for temporary purposes 
only. 

Toward late cliildhood, leadership usually springs up and exer- 
cises its authority by virtue of better physique, skills, or more 
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aggressiveness. Bullying is the exemplification of this in a more 
extreme degree. Conditioned associations of all sorts originate in 
these associations. Tiiey are manifested by submission to leader- 
ship, hero-worship, crusl»es, self-effacement, suggestibility, the 
take-a-dare attitude, mischief-making, and under older leadership, 
by the formation of gangs of young vandals, truants, delinquents, 
and juvenile law-breakers. 

When tile sanie tendencies are directed into more constructive 
channels they produce teamuork, group spirit, cooperative efforts 
in constructive activities such as clubs, combined craftsmanship, 
group interests in nature study, camping, drilling, and the many 
character-building institutions created by modern society to subli- 
mate the energies and interests of children into worthwhile efforts. 

It is within the juvenile associations that the individual person- 
ality first meets with the obligation to accept or reject the responsi- 
bilities imposed on him by the ethnic and cultural elements of his 
environment. Although some responsibilities have been faced 
within the family and the home, the intensely personal aspects of 
this relationship protect it from most of the competitive spirit and 
unsjTnpathetic attitudes of the outside world. In the home, 
obedience to parents and adjustments to the wishes and commands 
of other members of the household are paramount, but in the school 
and on the street tlie child is face to face with law and order and 
social acceptance; it meets too with the culture of its society and 
learns something of the meaning of such social facts as community 
interest, tlie arts, n-ork, the value of education, the desirability 
of training in particular skills, ethics and esthetics, the force of law 
and compulsory restrictions, opportunity, group loyalty, ideals of 
social conduct in manners and appearance, tlie value of human life, 
the importance of health and inefficiency of sickness, cruelty, 
squalor, penury and want, riches, success of individuals, religious 
attachments and rituals, and the attitudes of others about them. 

In an amazingly short time, the young girl and boy has run the 
gamut of most of the social values. Some have made no influence 
on them at all, others have affected them temporarily, and a few have 
made lasting impressions on their Feelings and attitudes. As ac- 
quaintance with the social elements increases, the child, already an 
active, participating member of society, is forced to some acceptance 
of their inevitability and must adjust itself in some way to them; 
it cannot remain neutral. How it will accept them is determined 
largely by its own personal values which are certain to be affected. 
It is for this reason that training in the personal values should 
antedate guidance in their acceptance or rejection, and therefore 
some degree of training in control of the emotions is good preparation 
for the conflict with social values. Altogether, it is a question of 



G78 DEFENSE-PSYCflOBIOLOOIC AND BIOSOCIAL FACTORS 

the total personality faced with situations to which it is expected to 
act in more or less conformity with the attitudes of the time and 
circumstances. 

The whole problem of social adjustment is inclndcti in the general 
terms, obligation and reapotiaibility. As a unit of society, tlie indi- 
vidual must possess each of these to a greater or less degree; the 
personality is forced to compromise with its social environment as 
much as it is required to regulate its food and exercise in keeping 
with its best interests. How much compromise W’ill be necessary 
cannot be determined l)eforeband. Indivitluality of thought and 
action arc necessary for personal satisfaction, and since this satis- 
faction will be gained at anj* price it is !>est that it be guided in at 
least all of the maj(»r acceptances. 

Wiere adaptation has gone awry there is likely to be delinquency, 
criminality, cruelty, lawlessness, withdrawal from society, suicide, 
and other undesirable solutions too numerous to mention. 

isound appreciation of erluc-ation, self'Control, individuality of 
expression within broadly accepted limits, constructive attitudes 
by the individual for the good and a<lvancement of society, are the 
ren«onable and intelligent solutions to be held out to the child and 
youth who is growing in and with societj. If the^e are implanteil 
on a foundation of high p€r.sonal s'alues, with good health to back 
them both up, there will Iw fewer innlndjustment problems to fill 
the guidance clinics, reformatories, prisons and institutions for the 
mentally disordered. 
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nnrlonelUi bficiIlt/oTnHa, acquired from BOto rouge iSre Leplue autuiimnlii 
insects, 441 Bitter almond, poisoning from, 193 

ciiMronmcntal loot, 396 Blaik nidow spider, 290 

invasibihty, pathogenicity, Bfnsfomyccsdenftflhfidw, environmental 
antigenic powers, 449 loci, 400 

Basal metabolism, climate and, 3f)3 lavasibility, pathogenicity, 

effect of high altitudes on, 320 antigenic powers, 458 

irradiation and, 300 Blnstoraycosis, acquired from fomite®. 

Baths, public, as sources of infection, 437 

43S from grosses and vegetation, 

B. C. G. vaccine, 570 439 

Bed-l)Ug| bleeding habits of, 557 contact sources of, 430 

ecology of, 430 synopais of prevention, 592 

elimination of, 537 BIcacheB, poisons in, 230 

environmental loi i, 407 skfn irritants in, 27S 

organisms earned by, 441 Blrwd, animal, as sources of infections, 

Betlifing, disinfection of, 686 438 

Bed-wettmg, prevention of, 055 cliaitges m, due to radium, 383 

psycliio factors, 055 groups, inheritance of, 40 

Beef, organisms acquired from, 443 mfiuenees of iriadiation on, 300 

Beer, arsenic poisoning from, 208 Blood-pressure, effect of Irradiation on, 

Bees, poisons m stmg of, 2S9 365 See oho Hypertension, arterial. 
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Blood-sugar level, maintenance of, 73 
Body dynamics, general discussion, 302 
faulty, prevention of, 310 
louse, eradication of, 554 
mechanics, 302 

faulty, effects of, 311 
Bone and bone products, sanitary con- 
trol of, 545 

formation, role of vitamin D in, 

no 

Books as sources of infection, 43S 
Bora, 34G 

Boric acid as antiseptic, 588 
ns food preservative, 203 
liorrelia minus, environmental loci, 400 
invasibility, pathogenicity, 
antigenic powers, 45C 
rccurrenlis, environmental loci, 400 
invasibility pathogenicity, 
antigenic powers, 45C 
Botulinus toTin, 213 
Botulism, 214 

prevention of, 217 

Bowel movements, reflex and psychic 
control of, C53 
training in, 053 

Boxwood, skin irritation from, 283 
Brachydactylia, inheritance of, 47 
Brass. See Antimony, 
founder’s ague, 1C3 
fumes, poisoning from, 162 
Brine, effect on skin, 279 
Bromine, effect on skin, 207 
fumes, sources of, IM 
toxic effects of, 155 

Bronchitis, dangers of anothesia in, 
175 

Bnicflla abortus, environmental loci, 
395 

invasibility, patiiogenicitv, 
antigenic powers, 449 
infection of stablw, disinfection of, 
586 

mrlilensis, environmental loci, 395 
invasibility, pathogenicity, 
antigenic powers, 449 
Brucellosis, prevention of See Undu- 
lant fever. 

Burns, electric, 375 
prevention of, 339 
Buses, sanitary control of, 635 
Butesein picrate, skin irritation from, 
280 

Butyl acetate, effect on skui, 2G7 
alcohol, effect on skin, 2C8 
Byssinosis, 187 


C 

Cadmium, ingestion of, from industrial 
sources, 254 
Caffea arabica, 200 


Caffeine, physiologic effects of, 201 
sources of, 200. See also Coffee. 
Caisson disea'-e, causes of, 32S 

predisposing factors in, 329 
Calabar bean, poisoning from, 233 
Calciferol. 109 

Calcification of arteries, ca!< lum in food 
and, Us 
Calcium. So 

chloride, effect on eyes, 268 
on skin, 268 

S 'anamid, effect on skin, 268 
;ficicncy, effects of, SS 
, hydroxufe, effect on skin, 268 
in foods, 88 
in tissues, 85 
level in blood. S7 

clianges brought about 
by irradiation, 365 
by parathyroids, 
87 

vitamin D, 87 
metabolism, 86 
excretion in, SC 
storage in, 80 
requirements of body, 88 
Calcium-phosphorus ratio, 88 
Calculi, Urinary, iftlc of Mtamin A m, 
103 

CaUipkoret emlhrocephala, environmen- 
tal loci. 407 

tomiforio, environmental loci, 407 
Camphor wood, skin irntutionfrom,2S3 
Cancer See also Malignancy . 
hereditary predisposition to, 48 
inheritance of, 45 
r61c of physical forte in cellular 
derangement, 303 
of sunli^t in etiology of, 367 
Cannabis, addiction to, 172 
effects of, 172 
indiTO, 172 
poisoning, 172 

prevention of, 178 
softeo, 172 

smoke, ingredients of, 172 
tolerance. to, 173 

Canned foods, precautions in use of, 
529 

Canning, effectiveness of sterihratinn 
by, 529 

Capdlary permeability, influence of 
vitaram C on, 108 
Caniwalla, 294 
Carbohydrate metabolism, 72 

disturbance of, in diabetes, 74 
Carbohydrates, 6S 

annual consumption m U S. A., 
IIQ 

assimilation of, 68 
availability of community supply, 
116 

m foods, 71 
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Carbohydrates, caloric value of, 70 
composition of, 08 
daily renuirement of, by body, 
70 

digestion of, f»0 
fermentation of, 71 
hydrolysis of, 69 
in proteins, 08 

Carbolic acid, antiseptics, skin Injury 
from, 280 

as suicidal poison, 215 
ietlial do«e of, 216 
poisoning, 210 

Carbon bisulplude in dcloii<!mg, 635 
dioxide, 139 ' 

efTecls of, 139 

harmful amount in air, 130 i 
prevention of iKiisomnK fmm, 
1G7 

80 ur.es of. 139 
disulphide, 143 
effects of, 143 
harmful amount m air, 143 
prevention of poisoning from, 
1C7 

sources of, 143 
monoxide, action of, 137 

harmful amount in air, 137 
in tobacco smoke, 13S 
prevention of poisoning from. 
167 

sources of, I3G 

tetrachloride, effect on skin, 26$ 
Carbon> 1 chloride. Sec Phosgene 
Carcasses, sanitary disposal ob 624 
Cardiac output at high altitudes, 326 
Carotene, 99 

conversion to vitamin A. 100 
formula of, 09 
sources of, 09 
C’arner state, 492 
Carriers, Btenlii-ition of, 38S 
Cars, sanitation of, WA 
Cashew nuts, skin irritation from, 270 
Cassava, poisoning from, 232 
Castellani’s vaccuie (T. A 11 C ), 677 . 
Castor-oil bean, poisoning from, iSi 
Cataract, glass blower's, 365 
hereditary, 47 

Categoriea! causes of disease, 29 
Caterpillars, skin irritation from, 288 
Cats, quarantine regulation of, 639 
Catf/e, cerfiticafion of, as mifk sources, 
510 

dtp, &5S 

quarantine regulation of, 538 
sanitary control of, 610 
Cause and effect, 24 
Caustic poisoning, symptom of, 246 
poisons, 230 

suicidal, 243 

potash as suicidal poison. 245 
soda as suicidal poison, 245 


Cells, effect of cold on, 331 

of electric currents on, 372 
of heat on, 331 
of poisons on, 131 
relative sensitivity to radiant en- 
ergy, 362 

Centipedes, poisonous, 2SS 
Cerebrospinal fever. .See Meningitis, 
epidenuc. 

Certification for m.arriage, 505 
of food handlers, 531 
Otopool, construction of, 518 
CcstMe infestation, .Sec Tapeworm 
disease. 

Chagn’a disease, acquired from insects, 

441 

synopsis of prevention of, ,592 

Clialicobia 187 

Cliancniid, contact sources of, 433 
synopsis of prevention of, 592 
Character building ns preparation for 
social living, C7C 
training, 663 
value of. 677 
traits, 663 

Charbon. See Anthrax. 

Chelsea survey, conclusions of, 313 
Chemical injury, prore'ses of, 2b0 
Chestnut, skin irritation from, 283 
Chickenpox, acquired from fomitcs, 
437 

from insects, 441 
synopsis of prevention of, 592 
Chiggers, environmental Ion, 460 
ClunTlam, 332 

Child guidance, approach to, 651 
management, &75 
Chilling, raecis of, 334 
prevention of, 339 
Cbuook, 346 

Cldamydocoa-strongyloplasras, listed, 
398 

Chloral hydrate, addiction to, 224 
as suicidal poison, 244 
Chlorinated hme for disinfecting ex- 
creta, 587 

Chlorination of water, 564 
Chlnnne, 82 

content of foods. 84 
gas, effect on eyes, 268 
on skin, 268 

poisonous amounts m air, 145 
sources, 145 
pln*sio!.%y of, 82 
Chloroform as anesthetic, 173 
usci in diabetes, 175 
inhalation, effects of, 173 
poisoning, 250 
skin irritation from, 2SG 
Chlorosis, inheritance and, 48 
Chlorpicnn in delousing, .5.55 
in fumigation, 548 
Choice of foods, 114 
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Cholera acquired from drinking nater, Closlndium,a:demali$~maligni,t;nv]TOn~ 
442 mental loci, 395 

from fingers, 442 mvasibility, pathogenicity, 

from fomites, 437 antigenic powers, 449 

from insects, 441 Ulant, environmental loci, 39o 

from vegetables, fruits and mvasibility, pathogenicity, 

salads, 443 antigenic powers, 449 

synopsis of prevention of, 592 irclehtt, environmental loci, 395 

vaccine, 577 mvasibility, pathogenicity, 

Haflkine’s, 576 antigenic powers, 449 

Strong, 579 Clothing, contaminated, as source of 

Cholesterol level in blood, 78 imection, 438 

Chilling, effects of, 346 destruction of lice m, 555 

Chromium, effect on skin, 268 disinfection of, 5SG 

Chromosomes, 36 effect on body evaporation, 344 

Chrysanthemum, skin imt.ation from, to protect against cold, 339 
279 heat, 339 

Cbrj’sarabin, akin irritation from, 286 Coagulation purification of water, 502 
Ckrysomyta bezzianum, environmental Coal-tar dyes as food preservative, 208 
lo«, 407 effect on skm, 269 

mvasibility, pathogcniciU, , skin irritation from, 279 

470 ' Cobra, 294 

macellaria, environmental loci, 407 1 Cocadm<Us ttnmiis, environmental 
mvasibility, pathogenicity, I loci, 400 

470 ’ mvasibility, pathogenicity, 

Cimcx hcmiptera, environmental loci, ' antigenic powers, 469 

407 Coccidiosis, contact sources of, 436 

mvasibility, pathogenicity, from dirt and soil, 439 
470 synopsis of prevention of, 693 

leeixilarii, environmental loci, 407 Codeine addiction, 223 

mvasibility, pathogenicitv, Calenterates, poisonous, 287 
470 Coffee, 200 

Cinnamon, skin irritation from, 279 caffeine content of, 201 

Cirrhosis of liver, alcohol and, 199 dnnking, effects of, 205 

rile of copper m, 94 i CoJchicum, poisoning from, 233 

Cisterns, contamination of, 499 I Cold, defease against, 339 
Clavteept purpurea, 194 I effects of, 330 

Cleaners, poisons in, 230 environment, phj’&iologic adjust- 

Cleanmg fluids, skm irritation from, I ment to, 334 
279 necrosis, 332 

Clearing mechanisms of body, 484 , sensitisation to, 332 

Climate and civilization, 340 | tolerance limit to, of tissues, 330 

biologic optimum, 350 i Coloboma, inheritance of, 47 

definition of, 349 I Colon bacillus infection, synopsis of 

effects of, 349 prevention of, 593 

factors influencing, 349 Color blindness, inheritance of, 47 

variability of effects of, 352 Comfort zone, 350 

Clonorchiasis, acquired from fish, 443 Common cold, contact sources, 43G 
prevention of. See Fluke infcc- synopsis of prevention of, 593 

tions. virus, environmental loci, 399 

Clonorcbis sinensis, environmental loci, mvasibility, pathogenic- 

403 ity, antigenic powers, 

mvasibility, pathogenicity, 454 

464 Complement, nature of, 482 

Closlndium boiulinum, sources of, in Complex, electra, 665 

food, 213 influence of, on emotionalism, 

hitiolytieum, environmental loci, 658 

395 natiue and origin of, 645 

mvasibility, pathogenicity, 1 cepidus, 665 

antigenic powers, 449 | Complexes, prevention of, 659 

Twvyi, environmental loci, 395 i Compressed air, effects of, 328 

mvasibility, pathogenicity, j CoTO/womyia wn'duZo, environmental 
antigenic powers, 449 I loci, 407 
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Cotillii-l, inHuciue of, on beliuvior, R]r> Crabf, ptMumoua, 288 

raluro of, Oir) Kimtary (ontroi of, 6-tl 

roxolution of, 015 Credo's method of pnipliylaxis, 5S0 

CoiiKenitidly acquired Infeitiuiis, 435 Creeping eruption, synopsis of preven- 
Uonium, poisonous effeela of, 232, ZjO tionof, 503 
Conjunetiva, resistanec to (hcmiinl ir- Creosote, effect on “km. 2G9 
rilaiits, 259 Crcsol, effect on skin, 2(59 

CimjuiKtivitH, due to irnidiatnm, 3tH Cretinism, mlicntance ami, IS 

tn irritant gii>c«, 2C5 fl Crilc’s adaptive motliiinisnis, 02(5 

Uom>eiousnesi.s, C27 Ciimmality, inlicritiince of, 47. 02J 

and memory, 631 Criisain/'*over of ehromosoraes, 41 

Coiislip.vtinn fioin faulty diet, 129 Cron foot, poisoninft from, 231 
habits, 6.>l Crustacea, poisonous, 2S8 

from fumlninal digestive disoid- 1 Cryptococcosis, synopsis of prevention 
crs. GW I oi; 593 

jisyt luc fac tors in etuiloRv of, CG3 i Cryplococcus homtnti See Torula hts- 
Coiisfitution, hereditary, 12 Mi/lica. 

Contact beds for sewage disjiiHd, 521 Cryptiircbidism, mlicntance of, 45 
infcition, 131 Culcx mosquitoes, lontrol of, 5,50 

poisons, cosmopolitan, 209 environmental Ion, 40S 

industrial, 297 omamsm« carried by, 411 

prevention of, 297 Culture. inSuence of, on behavior, 029 

Cimtineme, 073 CurUns's uiter, causes of, 33.5 

Cooliu-iteli mitc, cnvirmuneiilm ha i, Cyanogen, effect on eyes, 270 
no. iSVc aho rihiroglyplius on skin. 270 

Copper, 03 Cyclones, 346 

effects of ingriUion of, 2! 1 1 Cytlothymic personality, 044 

nn fckin, 209 I psychosis, psyehogciiio factors in 

functions of, 93 I etiology of, 640 

m food, 21 1 Cunomyux niorluorum, environmental 

m hemntopoicsix, 03 loci, 40S 

in hepatic eirrhiisis, IH Cystmuna, inheiitamo of, 4S 

icquuoments of IkwIv, 91 Cytoloxms due to shotk, 030 

hUlpliatc, as fond pirservalivc. 208 

in purification of watei. 505 n ‘ 

Col)|M rliead, 295 ^ 

CiipiU'itdi roitc, aiquired fiom grasses DsM’Ouil, ]>uisumng finin, 232 
and vegetation. 440 skin imtation from, 270 

environmental Ion, 410 , Dairy* products, orgiimsms i.irntd by, 

prevention of Mites 413 

Coial snake, 201 puntv of, 510 

('ordi/liilna arUhTopophnga, cnvironmen- Daltonism, inheritance of, 47 
tnl loci, 407 Daphne, poisoning from, 232 

invMibilitj , pathogenesis. 471 Datum, pmsoiimg from, 233 
ri>ilh<tint, environmental ton, 107 Dcaf-inutisni, inhrntame of, 47 
I'orn removers, skin irritants in, 279 . Deception of children, dangei m, 000 

Cornea, penetrability by radiant ener- Dccompiession at high iilinospbtrii, 
gii*s, 359 pressures, 329 

Corro'ivea as suiciil.d poisons, 245 Defecation icficx, 053 
('or'/iiclyietennm iltphtliensr, enviion- training in, C53 

menial loci, 395 Defective licanng as ciu'>t of faulty 

mvasibility, palbogemcity, posture, 310 
anfifcmc powers, 449 i>^en9easan instinctive terithin-y, 616 

Cosmetus, poisons in, 230 Deformity, developmental defects re- 

skiii irritants in. 279 See aUo suiting m, 308 

bashlure. Lipstick, Manicuring effect of, on behavior, G20 
preparations Degeneiative diseases and climate, 353 

Cosinip ra\», wave Iciigtlis of, 355 Delousing, .5.51 
Cottonseed ml, skin irritation fnim, 279 Delphinium, poisoning from, 231 
Coughing, pien.iutions m, 571 Dementia pnccox, psychogenic factors 

Courage as factor in behavior, 063 in etiology of, 649 

Co«-parsnip, skin irritation from, 279 Drm^ex foUiailoriim, environmental 
Crai>-iouse See Phlhim pubis loci, •40S 
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Dengue fever acquired from inswls, 441 Diphtheria acquired from dust and 
t-ynop'ts of pieventioH of, 593 droplet nuclei, 412 

virus, environmental loci, 399 from lomitcs, 437 

mvasibility, pathogenic- from live animal bources, 440 


ity, antigenic i«>\\en>, 
455 

Dental caries, role of vitamin C in, 109 
of vitamin Dm, 111 
Deodorants, poisons m, 230 
Dejiartmcnt of Agriculture, influence 
of, on food supply, 116 
Depilatories, poisons in, 230 
skin irritants in, 279 
Dcnnacentor amkrsont, envinminental 
loci, 408 

mvasibility, patliogcnicity, ' 
470 

rurtnfnlt$, environmental loci, 40S 
Dcrinaccntroxcnus nekellnse, environ- 
mental loci, 309 
mvasibility, pathogenicil), 
antigenic powers, 456 
Dcr»ia{c»6ta/iominia, environmentalloci, 


antitovin, 5S3 

hlood groups and susceptibility to, 
45 

carriers, btcnhzation of, 5SS 
contact sources of. 435 
hereditary predisposition to, 48 
inheritance anil, 46 
synopsis of prevention of, 594 
tOTin-antitoTin, 584 
tOToid, alum precipitated, 580 
plain, 579 

Dipliyllobothnasib. See Tapeworm in- 
fection 

DtphytUfbolhnnin lalum, environmental 
loci, 491 

mvasibility, patliogeim ity, 
461 

niaruont, onvironment.il loii, 494 
invasibilitv , pathogenicity, 

m 


mvasibility, pathogenicity, 
471 

Dcrmatophytosis. See Fungus dia* 
eases. 

Dcsensitizatin to living disease agents, 
486 

Developmental defects, production of, 
308 

Dew»point, 341 

Diabetes insipidus, inlicrituntc of, 47 
nicllitus, acidoMS in, 74 

cliloroform anesthesia in, 175 
climate and, 353 
diet and, 120 
ether anesthesia m, 175 
inheritance of, 45, 47 
psj chic factors in ctiologj' of, 
640 

psycliologic eSects of, 620 
Dial, 225. See also Barbiturates 
Diathesis, 44 

Dichloramine T as an antiseptic, 588 
Dichlorefhy! sulphide. See Mustard 
gas. 

Diet, physiologic, 121, 128 
Dietetics, preventive, 129 
Diethylcne glycol, poisoning from, 219 
Digestion, influence of fatigue on, 12S 
normal proces.ses of, 121 
Dimethyl sulphate, effect on skm. 270 
Dimtrobenzene, effect on skm, 270 
Dmitrochlorbenzene, effect on skin, 270 
Dinitrophenol. See Coal-tar dyes. 
Dwdophymt renale acquired from fish, 
443 

environmental loci, 404 
mvasibilitjq pathogenicity, 
464 

Diphenylthiourca See Thiocarbanilid. 


Dtplococeus pnciimonix, environmental 
loci, 300 

mvasibility, pathogenicity, 
antigenic powers, 450 
Dirt, organisms acquired from, 439 
Diri-catmg See Pica 
Discliargcs, animal, as souri c' of infec- 
tion, 438 

Dixeomfort as a modifier of behavior, 
035 

Disease, definition of, 23 

intcUigenec in prevention of, 601 
Dislic^, contamination of, .532 
stenlization of, 532 
Disb-walcr, bacteria in, 532 
I Di'infcction, definition of, 585 
Disposal systems, 520 
DiMomiasis synopsis of prevention, 594 
Disuse, Ijody posture and, 310 
effects of, 310 
processes of, 31 

Divers, influence of high haroinctnc 
pressure on, 327 

Dogs, quarantine regulations on, 530 
Dog-fisli, poisonous, 292 
Domestic contact poisons, 278 
Dominance and reccssivcncbs, 38 
Dominant pathologic characters minan, 
47 

Donnan's Law of equilibrium, 82 
Dracunculiasis, acquired from drinking 
I water, 442 

I synoMis of prevention of, 594 

I Dracuncmiii medtnensia, rnvironmenta] 

I loci, 404 

' mvasibility, pathogenicity, 

465 

Drainage in controlof invertebrates, 544 
1 m mc^quito control, 550 
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Dniugliti, cfTccts of, SIS \ Cehinoitoinn tlorannm, cnvironnientul 

Dnnlting cups as HourcoH of iiifcrtian, Ion, -JO! 

•}38 mvasibility, pathogenicity, 

individual pico.iutinns m u<c 4C5 

oil 570 I,'iiip$r' scotoma, 305 

rcstriftions on useof, fl07 fkJema due to vitamin Bi deficiency. 
Droplet infection, 41!) 100 

nuclei, 410 Iklucahility, racial, 623 

Droplets, expiratory, organisms borne Dducation, meaning and purpose of,6G0 
by, 43S effort syndrome, iwychic factors in 

Drug aildiction, 220 etiology of, 641 

poisoning, 218 Dggs. digestion of, 121 

Duck-bill platypus, iiuivming from, 296 Idcctra complex, 665 
Dust, lompfksition of, 181 llicctnc burns, 375 

house, skin irntaticin from, 2S1 currents, proteition from, 3Sl 

inbalation of, 179 slitick, death due to, 376 

mask, 190 . effects of, 375 

organisms carried h> , 442 | Dlectneily, factors tnflucnting effect of, 

particles in air, ISO on body, 372 

sensitization In, 181 nature of, 372 

Dusts, body defenses agumst, IbO , Dlcctromagnetie bpcelruin, 355 
chemieal action of, 180 usefulness to man, 367 

industrial, 183 IJcctron theory of matter, 372 

protection from, 189 I LIcctrostatic cliargcs, effetta of, 370 

safety factors of, in air, 100 origin of. 370 

Dvvaifism, inhcnlanre of, 47 Dimmalion, child interests in, 05-1 

Dyes, skin irritation from, 279 See* training in, 651 

also CoaUtar dyes, Hair dyes Dliminativc disorders, effect on bcliav* 

Dysentery acquired from drinking lor, 621 

nater, 442 ■ Dmotion, excessive, 050 

from foinitcs, 437 ‘ mSuence on behavior, 035 

from insects, 441 of ideas on, 05$ 

from milJc and dairy products, origin of, 61 7 
443 traimnc in control of, 050 

from vegetables, fruits am! Dmotional Aiock, 030 
salads, 443 stress, effects of, 630 

bacillary, synopsis of prevention Ihnotionalism, 657 
of, 561 fimvcntion of, 658 

vaerine, seiiMtized, 581 IlmpliVGcma due to physiial forces, 314 

Dyspasia, 114 Dnccplialitis, epidemic, synopsis of pre- 

cffcct on behavior, 620 ventinn of, 595 

fermentative, 75 I virus of, environmental loci, 

399 

Dndamelia earners, sterilisation of, 590 
E ffndamc&a fustob/ben, environmental 

' loci, 402 

Dxn mfcrtion, prevention of, 373 I mvasibility, pathogciuiity, 

Dating bctMccu meals. 12t5 I antigenic powers, 460 

habits, faulty, 122 i Knd.irlcntis obliterans, lead and. 15S 

training in, 052 tobacco smoking and, 171 

iitctisds as souri es of infci turn, 43S I Dndemic goiter, rfllo of iodine deficiency 
EberlheUfi I’jpin, environ mental loci, 396 and, 9G 

invisibility, palhogenicily, Dndcmicity, factors affecting, 493 
antigenic powers, 450 Endoennes, defects of, causes of, 624 

Echinococcosis acquired from animals, integration of functions of, 023 
404 status of, in body economy, 624 

from dirt, 404 Eiidoilfrmopkyton coneenincum, envi- 

from fruits and salads 443 ronmental loci, 400 

synopsis of prevention of, 59* mrficnm^ environmental loci, 400 

Echinococcus g> aniilosiia, environmental mansont, environmental loci, 400 
loci, 404 I troptcale, environmental loci, 401 

mvasibility, iiathogenicity, Endodeniiophytons, invasibihty, patJi- 
antigenic powers, 465 I ogenicity, 457 
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Endodermophytof-is, contact sources of, 
436 

synopsis of prevention of, 596 
Erulomyces capsulaltis, environmental 
loci, 401 

Endotoxins, definition of, 470 
EnervaUon due to hot climates, 349 
Engrams, 631 

Entcrobms infection, synop'is of pre- 
vention of, o9o 

EiiUrobius vermmlarts, contact wiurces 
of, 436 

environmental loci, 404 
invasibility, pathogcnipitj , 
465 

Enuresis, prevention of, fi >a 
psychic factors m, 055 
Environmental factors m disease, 30 
heat, adaptation to, 336 
Enzyme activity of bacteria, 479 
Enzymes, bacterial, 479 

carbohydrate liydrolyrmK, 69 
proteolytic, 01 

Epidemic encephalitis virus, inva»»bib 
ity, pathogenicity, antigenic iwicrs, 
453 

Epidemicity, factors affecting, 49> 
Epidemics, oiigin of, W 
^ quarontmc in, 564 
BpiderrwtphjUm ingatnaU, en'’ironfnen- 
tal loci, 401 

Epidermophytoiia, invaMbility, patho- 
genicity, antigenic powers, 457 
Epidermophytosis, synopsis of preven- 
tion of. Eft I’unpis diseases. 
Epilepsy, inheritance of, 47 
Equilibrium, disturbance of, G25 
m health and diseoi^, 22 
.psychic, 613 

Equipment, psycho-Mimatic, 619 
ErgO'tcroJ, aosorplion from aliJoenlarv 
tract, 110 

activation by ultra-violet light in 
skin, 364 

as precursor of vitamin D, 109 
formula of, 109 
m body tissues, 1(?9 
in foods, 109 
in nature, 109 
physiologic activity of, 110 
btorageof, 110 
Ergot, 194 

poisoning from, 195 
En»talii Unax, environmental loci, 408 
Eroticism, 665 

Erj’sipelas, contact sources of, 436 
synopsis of prevention, 595 
Eschlaw, 160 

Bscheritkia coli acquired from drinking- 
water, 442 
from insects, 441 
from surface water, 44! 
environmental loci, 396 
44 


EKhenchta cofi, invasibilitj , patho- 
genicity, antigenic powers, 450 
Esozlucuis, poisoning from, 196 
Essence of mirbane. Sec Nitrobenzol. 

Ether, 174 

inhatatioi), effects of, 174 
Ethylene anestheMa, 176 
dangers of, 176 
effect on cj c-, 270 

Eucalyptus wood, skin irritation from, 
2S3 

EugeniLs, 50 

Evu]toration atiil licat loss, 343 
“Lxlmu^tive diseases” of Mills, and 
climate, 351 

IbU'tence, human justifiiatioii for, C17 
Exophthalmic goiter, pij lIik factors in 
etiology of, 6 1 1 Sec also Tiiyrotoxi- 

«HIH 

l^xoslo'Cs, inheritance of, 47 
Lxotoxiii. defimiion of, 476 
Exleriul mjuiy, prevention nl, 312 
meilianicaf uircc, 316 
Lxtiovcrl, cliarattpristii.» of, 614 
Eye, effects of stmng light on. 364 
Eyrsflv See Iltppelales p'laio 
EvchJ, paralytic dropping of, inheri- 
tance of, 47 

F 

Fvcial creams, skin irritation from, 280 
I'nniiiy, tlic, based on sex, 670 
on social factors, 670 
pride, influcm e on sex dohnriucncy , 
671 

I'anma camcuieins, environmental loci, 
40S 

sealant, envnomiiental Imi, 40S 
Fasetola Itepaltca, environmental loci, 
401 

invasibility, pathogenicity, 
antigenic powers, 466 
Fasciolia-is acquired from dnnking- 
w ator, 442 
from meat, 443 
from vegetable^, fruits and 
salmis, 443 

synopsis of prevention, 595 
Fasa^opsts busKt, environmental loci. 
404 

invasibility , pathogenicity, 
466 

Pasting, liarm of, 130 
Fat content of foods, 76 
foods, digestion of, 124 
metaboh'im, disturbed, effects of, 
79 

standards m milk, 117 
supply in community foods, 117 
Fats, ab^rption of, 77 
assimilation of, 77 
available from carbohydrates, 78 
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Fats, caloric value of, 76 
composition of, 76 
diRostion of, 76 
functions of, 80 
hydrolysis of, 70 
in avcmKc tliot, 79 
metabolism of, 78 
Htonige of, 78 

Fatigue due to faulty imslure, 312 
effect of, on digestion, 129 
on body pasture, 310, 319 

Fatty dccencralion due to chloroform, , 
176 ! 

Faulty posture, tauvis of, 307 
effects of, 311 

on uell-bcing of «bi1<lrrn. 


Flea, rat, control of, 617 
Heas. control of, ,653 
nostruetion of, 553 
effect of bite of, 288 
habitat of, 553 

prceaulions m examining, 553 
Flesh fly See IVohlfahrlia. 
rietchcri'm, faults of, 12S 
riics, lilue bottle See Chrysomyia. 
hrofding habits of, 555 
control of, 555 

invimibility, jvitliogcnicity, 470 
Flour, skin irritation from, 280 
Fluid intake, daily, 57 
Hukc infection aetjuircd from drinking- 
water, 442 

from meats and fish, 443 
from vegetables, fruits 
and salads, 443 


I'avus, eonlncl sourics of, 436 from vegetable* 

from fomiles, 437 and salad*, 44; 

from living animats, 440 synop'-is of preventio 

bear as a factor in xx expenenee, C71 Flukes See Specific forms 
Feces, human, disinfection of, 510, 585 bladder See Si histosom. 


twinitarj disposal of, 515 
f'eehleiiitnricrtness, mlicnfanee «>f, 47 
F'eeding as instinctive tendency, hlG 
training tn habits of, 052 
Feeling, 631 

influences of, on behavior, 635 
Feelings, training in control of, 656 
value of, to living, 656 
Feminine hygiene, 574 
Kemmism in males, 670 
Fer-de-lanre, 29,5 

Ferrous sulphate in purification of 
natcr, 502 

Fertility and climate, 352 | 

Fibrillation, ventricular, due to elc> tm 
shock, 376 ' 

Fibrositis, rftle of local ehillmg on. 317 1 
Fig, skin irritation from, 280 
Filaria See TVuehereria and Loa ' 

Filanasis, acquired from insects, 411 
synopsis of prevention, 595 
I'Mlcrs, sand, 503 

efficiency of, 503 

Filtration, punfication of water by, 602 
Final common pathway, 631 I 

Fingers, organisms earned on, 442 
Fire-extinguishcrs, poisons ta, 230 
Fireworks, poisons in, 229 
Fish in mosquito control, 552 
iaVvicidal, 431 

organisms acquired from, 413 
poisoning, prevention of, 204 
poisonous, 106, 291 
sanitary control of, 528 
Fisk’s categories of causes of disease 
and dl-healtb, 31 

riasli method of pasteurization of milk, 
513 

Flat foot, 309 

Flavine and vitanun Bj, 100 
Flea, human See Pulex 


mtestinnl. See Opisthon his. 
lungs. See Faragonimus 
HiKinnc and spotted enamel, 118 
food sources of, 212 
poisoning, 212 

prevention of, 216 
Fly control, 555 
Foehn. 346 
Fo^ ollfi’gy, 197 
contaminants, 20S 
dealers, control of, 526 
definition of. 53 
habits, development of, 122 
I education m, 120 

faulty, 119 
of groups, no 

I handlers, contamination of water 
by, 507 

' sanitary control of, 531 

infected, precautions m use of, 568 
irradiation of. 111 
laws, necessity for, 62G 
poisoning (infectious). See Sal- 
monella infection 
from meats and sea-foods, 443 
from raUfc and dairy products, 
443 

prevention of, 203, 216 
preservatives, 208 
requirements, total, 53 
selection of, 114 

supply, control of infected and 
contaminated, 525 
for soCTal units, 115 
sanitary codes relating to, 115 
tastes for, 121 
water content of, 57 
Foods, classification of, 54 
conscious selection of, 121 


digestibility of* 123 
incompatability of, 123 
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Foods, poisonous, 292 [Fusi/omts fustforvns, mvasibility, 

Fool’s parsley, poisoning from, 233 > pathogenicity, antigenic powers, 

Foot and mouth disease acquired from j 450 

animals, 43G ■ Fisiformis infection, contact sources 

fromcontactsotirccs, I of, 435 
435 

from fomiles, 437 G 

from milk and dairj’ | 

products, 443 i GALL-tiLAUDiiR types, 43 
synopsis of prevention of, Gall stones and fat metabolism, SO 
696 Ganxbusia, iarvieiclal, 432 

virus environmental loci, in mosquito control, 552 

39S I Gamma rays, nature of, 3oD 

invasibility, piitho-^ penetrability of, 359 

gemcity, antigenic wavo-lengths of, 355 

powers, 453 Garbage disposal in fly control, 555 

Foreign Health Inspection Service, i Garfish, poisoning from, 196 
560 Gas bacilli See Clostridia. 


Form and function, 311 
Formaldehyde as foo<l preservative, 208 
effect on skin, 270 
on eyes, 270 
gas, 149 

sources of, 149 
toxic effects of, 140 
skiu irritation from, 2S0 
washes, skm imtution from. 2S6 
FormicansD, poisoning by, 280 i 

Fnigilitas ossium, inliericance of, ■17 i 
Freckle removers, poisons in, 230 

skin irritation from, 2S0 i 

Freosing, effect of, on cells, Ml l 

Freudian psychology, contributions of, I 
646 

FnedlUoder’s bacillus See Klcbmlla , 


bacillus antitoxin, 5S3 

infection acquired from ani- 
mal products, 440 
from contact sources, 
485 

from dirt and soil, 
439 

from dust, 442 
from fomites, 437 
from grasses and 
vegetation, 439 
synopsis of prevention 
(wound infection), 612 
hazards in industry, prevention of, 
165 

poisoning from cosmopolitan 
sources, prevention of, 160 
from natural sources, proven* 
tion of, 166 
prevention of, 164 
Gasoline See Benzine 
■ Gaslerophilus, spp , environmental loci, 

I 

Gastric juice, organisms surviving pas- 
I sage through, 448 

I ulcer. See Peptic ulcer, 
tjpesof, 43 

I GaMrodtwndes kovitnis, environmental 
I loci, 405 

' Genes in inheritance, 36 
I Genitaf hygiene, 567 

^ , I Genotj-pe pattern, 37 

Functional heart disorders, psychic fuc- Gentian violet^methylcne blue as anti- 
tors m etiology of, 641 I septic, 588 


pneumoms. 

Friedreich's ataxia, inheritance of, 47 
Fruit, organisms carried on, 443 
sprays, 209 

Fru'^tration, resolution of, 075 
Fugu-toxin, effect of, 106 
Fumigants, chlorpicnn, 548 
HCN discoids, 547 
gas, 517 
pyrethrum, 548 
sulphur dioxide, 54S 
zykIon-B, 547 
Fumigation, 547 

hydrocyanic acid in, I4i 
precautions in use of, 647 


Fung], animal Jiosts of, 422 
- factors affecting survival of, 421 
invasibility, pathogenicity, anti- 
genic powers, 457. 477 
optimal growth conditions of, 423 
pathogenic, 400 

Fungus diseases, synopsis of prevention 
of, 596 

Fur, skin irritation from, 280 
Fueifortnis fusiformii, environmental 
loci, 396 


Geranium, skin irritation from, 280 
German measles, synopsis of prevention 
597 

virus, environmental loci, 399 
invasibility, pathogenic- 
ity, antigenic powers, 
456 

Germicide, definition of, 5S5 
Gesell’s entena of mental growth, 029 
Glia monster, poisoning from, 296 
Gingivitis, use of orange juice in, 109 
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GUmlcraafC|uia’<lfr(imiMnlaPtwiuicc8, Grontli, rfile of viUmm Uj In, 107 

•133 j Guinea « onn. Set Drnmnculits mciltn- 

from fomitcs, 437 I enswr. 

from living animal souiri*, ' disease. Sec Dracunculiasts. 

440 

Bynuiibis of iirevetUioii, 597 I 

Gla‘«-bloi\er’s calariipt, 303 I H 

Glaucoma due to mechankal fa(lur!i,l 

314 I IlAiin r<irm.iti()ii. (it7 

mlierilaiicc of, 47 > iiifluence uf repelituni m, 033 

Giossmu, conlpol of, 5.37 , Hubilti of eating, tr.iniing m, 032 

(I'losaiM vwrsilany, eimiuniucnlat foci, [ HabitU'S 42 

408 I Hair, defective, inhenUince and, 48 

Invanlhility, pathogenicity, • dyes, poisons in, 230 
470 siiii irritation from, 2S0 

/Kifpaiis, eiiviromcntal lori, 408 | tonics, poisons in, 230 

invaaibility, pathogcnirity, skin irritation from, 2S0 

470 Hairdressers, sanitary roritro! of, 531 

Glueu-e. total amount in diet, 70. Haptens, definition of, 473 
also Sugan. Ifarc-tip, inheritance of, 48 

Glue, skin imlatioii from, 2M) llBahcesh smoking, 172 

Glyrcryl trimtrntc Nee Nitrugljtcriii Hay fever, 183 
Gljro«unn, alimentary, 74 | Hav, stenliration of, 515 

due to eliloroform, 175 11. 'C. N. di«roid«, 517 

Gl’ieyphnau^ ddmr^heita, ciiviroiimenljl I Head louse, eradication of, 551 
loci, 408 Health, dennitinn of, 21 

Gnats, irritation from, 28S ' and vigor factor (vitamin), 101 

Goat-lmir, skin irntati<m from. 280 Hearing defects and faulty posture, 
G»aU, ^u-arant/no regiibiiion of. .W9 310, 31P 

Goiter, cndcmii , r5!e of iodine in, 00 , Heart disease, nitrous oxide aoestliefeta 
cxoplilfialmic, rdie of psycliic fac»| m, 17C 
tors in ctiolngy of, OH disorders, functional, paycluc fao* 

Guldrnrod, allergy to, 182 I tore m etiology of, 641 

skin irritation from, 280 Heat cramps. 33S 

Qanucoecal infection acquired at birth, defcii'>c against, 339 
435 I effect* of, 330 

from contact eourccs, 435 on cells, 334 

from foinitcs. 137 , exhaitslion, 33S 

synopsis of prevention, .593 loss, contml of, 337 

Goiiorriiea. See Gonococcal infection regulation ui the body, 335 

GooRcberry mite, irritation from, 409 ren'-itivily of tifwues to, 335 

See alto Leplus aiUumnaltf \ stroke, 3^ 

Gout, infioritnncc uf, 4S | tolerance uf tissues tu, 330 

r5Ie of proteins in, 0.5 ' Hcllcliore, treatment of manure with, 

Gower’s mascular atrophy, inlwritance m fly control, 556 

of, 47 Helminth larva:, free-bving m soil and 

Gram itch See Mite infestations. water, 429 

mile acquired from gra«sc^ flclminths, animal hosts of, 426 
and vegetation, 439 antigenic properties of, 478 

environmcnfai loci, 409 dependent so/ely on man, 425 
See also Fediculoides factors affecting survival of, 423 
Granuloma inguinale acquired from mvR.«ibilily, pathogenicity, anti- 
contact sources, 435 gome powers, 463 

from fomites, 437 liberating eggs into environment, 

synopsis of prevention of, 598 428 

Grasses, organisms acquired from, 439 miraeidia and cercana: of, in w ater, 
Greganousness ax an instinctive ten- 429 

dency, 616 palbogenic, human, 403 

Group activities as factors in child resistance to, 425 
training, 675 HetopkUui pendulum acquired from 

Growth, biologic, 618 drinking water, 442 

mental, 623 environmental loci, 40S 

r61e of vitamin A in, 101 IldecBaeeeiilenlia, 191 
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Hematopoiesis, altitude and, 326 
copper and, 93 
iron and, 91 
irradiation and, 3C5 
manganese and, 94 
vitamin Bi and, 107 
Hematoporphynn, 367 
Hemeralopia, 102 
Hemlock, 232 

poisoning from, 250 
Hemochromatosis, copper and, 212 
iron and, 92 

Hemoglobin increase at high altitudes, 
320 

Hemophilia, inheritance of, 47 
Hemophilus conjundmtidis, environ- 
mental loci, 396 
diicre^, environmental loci, 39C 
invasibility, pathogenicity, 
antigenic poners, 4S0 
infiuenzx, environmental loci, 390 
invasibility, patJiogemcity, 
antigenic powers, 450 
laatnatus, environmental loci, 39C 
pcrtit«8is, environmental loci, 390 
Invasibility, pathogenicity, 
antigenic powers, 450 
Hen! immunity, 494 

phenomena of infection in, 493 
the, immune constitution of, 494 
Hereditary ataxia. 47 

constitutional typo, 42 
diseases (list), 46, 47 
Hernia, hereditary prediiposition to, 48 
physical factors in etiology of, 314 
Heroin addiction, 223 
Herpes simplex virus, environmental 
loci, 398 

invasibility, pathe^cnic- 
ity, antigenic powers, 

4.53 

zoster virus, environmental loci, 
399 

invasibility, ))alho{^ic- 
ity, antigenic powers, 

4.54 

Hertzian wave*, lengtii of, 355 
HeUrophyes heUrophyes, environmental 
loci, 40o 

invasibility, pathogenicity, 
4CG 

Ileterophjes infection. See Fliiko in- 
fections 

Heterosexual needs, CGo 
Hexamethyfenetetramine, efTect onskin 
(formaldehyde), 270 
Hexylresorcinol as antiseptic, 588 
Hibiscus, poisoning from, 232 
Hides, sanitary control of, 545 
Hippelales fiavipes, environmental loci, 
409 

pusio, environmental lod, 409 
Hogs, quarantine regulation of, 539 


Holding method of pasteurization of 
milk, 512 

Holly berries, poisoning from, 233 
llomemaking as an instinctive ten- 
dency, 6I6 

Homicidal poisoning, prevention of, 
252 

poisons, 235 
Homosexuality, 605 
Hookworm. See Ancylostoma. 

disease. See Ancylostomi.a«is. 
Hops, skin irritation from, 281 
flormoiiendron fonioymonli, environ- 
mental loci, 401 
invasibility, pathogenicity, 
458 

olivaceum, cnvnronmental loci, 401 
invasibility, pathogenicity, 
458 

pedron, environmental loci, 401 
invasibility, pathogenicitv, 
45S 

Hornets, poisons in sting of, 289 
Horse, quarantine regulations of, 539 
Horse-ehostnut, poisoning from, 233 
Host-parasite interactions, 472 
relationships, 393 

Hot environments, adaptation to, 340 
House dust, skm irritation from, 281 
sensitization to, 181 
Human hosts, sanitary restrictions on, 
559 

society, individual need for, 018 
Humidity, 341 

and evaporation, 343 
correlation with temperature, 330 
physiologic effect of, 343 
relative, 341 

Hunger ns a physiologic need, 051 
Huntington's chorea, inheritance of, 47 
Hybrid inheritance, 39 
Hydatid dtscasc acquired from vege- 
tables, fruits and salads, 433 
prevention of. See Echino- 
coccosis. 

Hydroa vaccimformis, photosensitivity 
10,366 

Hydrocephalus due to mechanical fac- 
tors, 314 

Hydrochloric acid, as suicidal agent, 
245 

contact sources of, 271 
eScct on skin, 271 
fumes, eSects of, 150 
sources of, 150 
lethal dose of, 248 
poisoning, 248 

Hydrocyanic acid as suicidal poison, 
238 

gas, 139 

as delousing agent, 555 
as a fumigant, 547 
effects of, 140 
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Hydrocyanic ucid, ^us, p<)isonuu5 
amount!) in air, 140 
eourcM of, 139 

In plants and vcgctaWc prod- 
ucts, 232, 239 
lethal dasc of, 239 
toxic eflecls of, 140 

Ifydrofluonc acid ns food nre^ervatlve, 
20S 

ifTcct on skin, 271 

Hydrogen arscnule. See Arseniuretted 
liydroKcn. 
sulphide, 142 

effects of, 142 

poisonous amounts )n air, 
142 

sources of, 142 
Hydrophobia. AVe Uahies. 
Hydroxytoluene, effect on akin, 2C9 
IlyRicne, feminine, 57 1 

infant, 555 I 

mental, C51 

pre-school, 557 . 

Hymenokpis infection. 5« Tapeworm 1 
infection. 

llyrnmnleiHi nana, environmental loci, 
405 I 

invnsibility, pathoKcnicity, ' 
antigenic powers, 4t«C 
Ilymenoptera, atinging, 289 
llyperKlyeemia, alimentary, 74 
due to nicotine, 171 
in diabetes, 74 ' 

Hyperphosphatemia, causes of, 90 ' 

Hyperpjrcxia due to liot environment, 
3JS > 

llypersonsitivenesa. See alio Allergy 
and Sensitization. i 

inheritanee in, 45 
to living disease agents, 485 
to radiant energies, 350 i 

Hypertension, arterial, climate nnd, ' 
333 

due to nicotine, 171 
psychic factors and, 641 
Hypcrthjroidism. psychic factors in, 
(ill. A'ee ofio T^rotoxieosis. 
Hypcrvitaminosis D, 111 
prevention of, 111 
serum calcium in, 87 
'ultra-vifilet light and, 112 
Hypochondriasis nnd food habits, i 
130 

Ilypoderma bovts, environmental loci, 
409 

invasibility, pathoecnirity, 
471 

Hypophosphatemia, causes of, 90 
Hypospadias, inheritance and, 48 
Hysteria, etiology of, 548 
inheritance of, 47 

psychogalvanic response In, 649 I 
psyihogemc factors in, 643 ‘ 


IcnriivosH, inlicntanee of, 47 
Ideas, influence of, on behavior, 033 
nature of, 63,5 
Ileus, postanesthetic, 174 
Ilex paragiiai/ensti, poisoning from, 200 
' Illuminating gas poisoning, prevention 
of, 167 

ImhofT settling tank, 521 
Imitation a.s an instinctive tendency. 
616 

Immune sera in measles, 5S2 
in pertussis. 582 
m poliomyelitis, 582 
m typhus, 584 
in yellow fever, 582 
ctatc, total, 488 
Immunity, aectuireJ, 489 
active, 490 

and fat metabolism, 80 
antiliody, 484 
forms of, 480 
inBuenemg factors, 490 
innate, 491) 
natural, 480 
passive, 490 
meial, 490 
species, 490 

Immunization, active, 576 
compulsory, 505 
passive, 582 
principles of, 4S7 

Inclusion blenorrhea virus, environ- 
mental loci, 399 
Indian lierop, smoking of, 172 
Indigestion, dietetic, 130 

due to emotional stress, 610 
nervous, 127 

Individualism and social conformity, 
674 

Individuality, development of, 630 
expression of, 575 
Industrial contact poisons, 25.) 

prevention, 297 
ingested poisons, 233 

prevention, 25.) 
inhaled poisons, 130 

prevention, 164 

Infant behavior at chronologic ages, 029 
hygiene, 556 

Infantile paralysis See Poliomyelitis. 
Infection, general considerations of, 392 
rfile m vitamin A in. 101 
Infeetrons, congenital. 435 
Infectious agents and body posture, 309 
Inferionty, b(>4 

Influenza acquired from dust and drop- 
let nuclei, 438 

synopsus of prevention of, .398 
Infra-r^ lights, precautions in u«e of. 
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Inheritance, meclianiains of, 35 
Inherited defects, p«n'ent«>n of, 49 
pathologic characters m man, 47 
Injury, chemical, processes of, 260 
mechanical, processes of, 316 
Ink removers, poisons in, 230 
Inland quarantine, 640 
Inorganic salts, metabolism of, 8! 

prevention of deficiencj in, 
117 

Insanity, inheritance of, 47 See also 
Psychoses 
Insect control, 616 

spravs, contents of, 209 
Insecticides, poisons in, 229 
Insects, control of, 546 

meclianical barriers to, 618 
organisms earned by, 44! 
poisonous, 2SS 

Insomnia, due to caSeine, 205 
Instability, nervous, causes of, 642 
Instinct, 015 

and selection of foods, 114 
Instinctive tendencies, 616 
Insulin, 73 

Integration of body functions, 620 
Intellectual faculties, training in use of. 
659 

Intelligence and instinct, 659 
racial, 623 

U30 of, in prevention of disease, 661 
Internal secretions and body posture, 
309. See also Endoennes 
International OlTice of Public Hygiene, 
560 

Quarantine, 500 

A-ray and Radium Commission, 
recommendations of, 387 
Intestinal tract, flora of, 435 

normal defenses of, against 
bacteria, 447 

Intoxication, general considerations of, 
131 

Introvert, characteristics of, 644 
Invading organisms, defense against, 
497 

processes and effects of, 392 
Invasion, factors influencing, 445 
processes of, 444 
Iodine, 95 

amounts m tissues, 95 
and endemic goiter, 96 
antiseptics, skm irritation from, 
286 


Iodine in foods, 97 
in soil, 96 
poisoning, 249 
requirements, 96 
tincture of, tes antiseptic, 588 
utilization of, 96 

Iodoform powders, skin irritation from, 
286 

Iona m air, factors influencing, 377 
kinds, 376 

Ionization of air, physiologic effects of, 
377 

Iron, 90 

abMirption of, 91 
and hemochromatosis, 92 
content of foods, 92 
defieieney, effects of, 92 
excretion, 91 

hydroxide m purification of water, 
502 

in ocid-basc regulation, 91 
in liematopoiesis. 91 
in tissues, 90 
metabolism of, 91 
oxide 88 food preservative, 208 
preparations, relative absorbabil- 
ity, 03 

requirements, 92 
utilization of, 91 
I Isolation, principles of, 563 
Isospora, acquired from vegetables, 
fruits and salads, 443 
Isospora belh, environmental loci, 402 
*invasibility, pathogenicity, 
461 

liomints, environmental loci, 402 
tnvasibility, pathogenicity, 
461 

Itch mitc control, 558 

mites, mvasihility, pathogenicity, 
470 

Ixodes, mvasibility, pathogenicity, 470 
Jxodids, poisonous, 291 
Ixoiloidea, poisonous, 291 


J 

/aonowe, epidemic See Spirochetosis 
icterohemorrhagica 
Jelly fish, poisonous, 287 
Judgment, influence of, on behavior, 
636 


deficiency, effects of, 96 

prevention of, by iodine ad- 
ministration, 96 
by addition of iodine to 
water supply, 118 

fumes, 154 

sources of, 161 
toxic effects of, 154 
functions of, 96 


K 

Kals-azar acquired from insects, 441 
sj’nopsis of prevention See Leish- 
maniasis. 

Kaposi's disease, photosensitivity in, 
367 

Katadyn, 504 

Kedani mite See Trombirula 
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Keratosis, inlieritance «>r, 47 \Lnshmama doMvani, mvasibilily, 

Kerosene, effect on skin, 271 , pathotteiucity, antiRcnic pow- 

poisoninR, 2o0 , ers, 401 

Kctogenic-antikctOKenic ratio, 79 ■ Iroptca, environmental loci, 403 

Ketonuria, idiopathic, and fat metnbol- mvasibility, pathoKcmcity, 

_ Hm, 80 ' antigenic powers, 461 

Khamsin, 310 I,eishmHniaats acquired from fomitpa, 

grariulomattH, environmental 437 

loci, 300 I from insecU, 441 

inva'nbilily, puthoRenieity, synopsis of prevention of, 399 
nnligenie powers, 4>(1 i Ix-ns, abwn<e of, inlieritance of, 47 
ozriw, enviroiuneiilui Ion, 390 displaced, inhentanie of, 47 

pnevmonix, environmental Ion, | Iwepuloptera, poisonous, 288 
390 I,epidos(cus, poison from, 190 

invasibilitj, pathogenic ilv, l/eiirosy acquired from contact wmnes. 
antigenic powers, 430 435 


rhinofcUromnM, environmentnl 
loci, 390 

Ivoeli-Weeks bacillus .S'rr llrmophilu^ 
conjimetiwHdis 
Korsakow'a Fj-ndrome, 199 
Kraif, 294 


/rom dirt and sod, 430 
from insects, 441 
synopsis of prevention of, .’lOO 
heptospifa lifMomadis acquired from 
surface water, 440 
environmental loci, 400 
mvasibility, pathogenicity, 
antigenic powers, 456 
teinohriiinrrhtjffien otquiied from 
dirt and soil, 440 
from fingers, 442 
from living animal 
sources, 440 
environmental loci, 400 
mvasibility, pathngenicity, 
nntigenii powers, 456 


Lsburnum, piiisuning from, 232 dirt and soil, 440 

Lacquer, effect on «ktn, 271, 281 from fingers, 442 

tree, skin irritation from, 283 from living animal 

T.actution and instimt, 613 sources, 440 

vitamin l\ iinrl, 104 environmental loci, 400 

U] aud, 107 mvasibility, pathngenicity, 

I,agiistriim, ingestion of, poisoning, 232 nntigenn powers, 456 

I^inguage os instinctive tendenev. 610 /ypf«s a«<»i»nn7M, environmental loci, 
Lnsfilure, skin irritation from. 281 409 

Latent infection, 492 l/CSte, 340 

Lnthyrism, 103 I^'ukocldms, 470 

lytth’jmt cic/rrt, lfl» Leukivytes, km atmospheric pressure 

Mlivun, 10') effeets on, 327 

Laiinilries, saniliirv control uf. 530 response of, to antigens, 4S1 

f-aiindry, eteriliration of, ,530 IxukoiMosis due to iriadiition, 3(>i 

Laxative habit, 225 processes nf, 481 

Lead as food contaminant, 2>t) Ix‘Veehe, 340 

preservative, 20S I «rc control bv fumigation, 555 

effect of, on ekm, 272 by personal prophjlnxis, 5)5 

elimimtioii of, 157 human, ecology of, 430 

enrepbalopatby, 158 habits of, 554 

m foods, 210 l.iKlitning, mature of, 373 

ingesleil, industrial souicrs of, 251 atnike, ofTects of, 373 
poisoning from, 211 I protection from, 3S4 

poisoning, 157, 211 Lime, bactCTindal action of, 587 

susceptibility to, 157 ' linkage, 40 

volatilized, soiirces of, 157 jjipstick, skin jrnlalion from, 281 

toxic effects of, 157 Liver flukes Set Tasciola 


League of Nations Health Service, ,560 Lon 5m, environmental loci, 405 
I,earnirg, control of, 600 mvasibility, pathogenicity, 

influence of repetition in, 633 antigenic powers, 466 

order of, 62S infection See Filanasis 


I,eather, skin irritation from, 281 


I hrfferena mallet, environmental loci, 


LeiihmaMa bratihensts, environmental ' 396 

Ion, 403 I mvasibility, pathogenicity, 

mvasibility, pathngenieitv, antigenic powers, 451 

antigenic powers, 461 I Louse, Imdy See Pedmhis Jiwwani/r 
doMvttvi, environmental loo. 403 I mb See Phthinus pnbit. 


mb See Phlhnus pnbtt. 
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Louse, head. See Eediculus Aurmtnus. { 
pubic. See Phthirius pubis 
Lvctha aesar, environmental loa, 409 
noblits, en\nronmental loci, 409 
serieata, environmental loci, 409 
Lumbago, effect of local chilling on, 345 
Luminal. See Barbiturates! 

Luminous paint, poisoning from, 379 
Lungs, normal defenses against inva- 
sion, 447 

Lj’mphogranuloma inguinale, contaet 
sources of, 43G 
Lysis of microorganisms, 4S3 
Lysozyme m akin, 445 

in stomacli and intestines, 448 

M 

Msntms foot acquired from contact 
sources, 43f> 
from dirt and soil. 439 
synopsis of prevention of, 597 
.]faiiurflln rni/eeloma, ciiviTOnmcntnl 
loci, 401 

invasihility, pathoRcnicitv. 
antigenic poners, 459 
Magnesium content of foods, 9*> 
in tissues, 91 
metabolism of, 94 

Mahogany, skin irritation from. 283 
Maladjustment, 075, 078 
Malaria, congenital, 435 

synopsis of prevention of, .599 
transmission of, 441 
Male behaviorism in females, 670 
Mahgnanos’ etiologic rble of anilin in, 
151 

of arsenic, 200 
of heredity. 4.5, 48 
of physical force m celJii* 
lar derangement, 303 
of radium, 307 
of roentgen-rjv, 367 
of sunlight, 307 
of tar and tar products, 
274 

in miners, 382 

Malnutrition See Specific deficiencies I 
Malta fever. See Undulanl fever. j 
Mammalia, poisonous, 296 ' 

Man, an adaptive mechanism, 626 
Manganese, content of foods, 94 

metabolism of, 94 I 

requirements of body, 94 I 

Mango, skin irntqtion from, 2Sl 
Manic-depressive psychosis, psycho- 1 
genic factors in etiology of, 649 
Manicuring preparations, poisons in, 
231 

skin irritants in, 281 
Manure, chemical treatment of, m fly . 
control, 556 ' 


Manure, disposal of, 555 
Mangold, poisoning from, 231 
skin irritation from, 281 
Manhuana. See Cannabis. 

Markets, hamtary- control of, 533 
Marriage, advisability of, m presence of 
hereditary defects, 51 
as solution of sex problems, C73 
selection of mate, 673 
Masks against infective agents m air, 
571 

in dust prevention, 190 
Mastication, physiologic, 127 
Masturbation, development of habit, 
G67 

prevention of, 667 

Match boxes, skin irritation from, 281 
Matches, phosphorus in, 160 
skin irritation from, 2S1 
Mating, 671 

Meadow saffron, poisoning from, 233 
Meals daily number of, 125 
Measles, immune serum in prevention 
of, 582 

synopsis of p^revcntion of, 699 
\irus, environmental loci, 399 
invasibihtj , patliogemcity, 
antigenic poners, 450 
Meat, individual precautions in use of, 
570 

organisms earned bv, 443 
sanitary control of 527 
Mechanical force, 310 

body defenses against, 3I7 
prevention of injury from, 
317, 319 

stress and body po'ture, 310 
Medicinal poisoning, prevention of, 220 
Medicinea irritating to the skm, 285 
Medinal. See Barbiturates 
Mcelmg places, public, sanifiirv control 
of, 535 

Melanin, absorption of radiant energies 
by, 359 

foniuktion of, 359 
Memory, 628 

as consciousness, 031 
mfluiince of, on behav'ior, 636 
M5ni?re's disease, inheritance of, 47 
Meningitis earner, sterilization of, 589 
epidemic cereDro«pinal, synopsis of 
prevention of, 600 
Menstruation, hygiene of, 574 
influence of climate on, 352 
Mental deterioration, due to cannabis, 
172 

to opium, 172 

disorders, natural liistory of, 048 
rfile of psychogenic factors m 
etiology of, dtS 

efficiency and posture training, 313 
growth, 628 

criteria of, 629 
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Mental health, averaec attainments, 
G13 

liyRieno, approacii to, 051 
Mercunahstn from mercury vapor*, 155 
Mercuroeliromc as antiseptic, 5S8 
Mercury as suicidal poison, 240 
effect on skm, 272 
elimination of, 155 
lethal dose of, Zi2 
poisoning, 211 
vapor, sources of, 155 
tovic effects of, 155 
Mcrthmlatc as antiseptic, 5^ 
Metabolism, effect of chmate on, 353 
of irradiation on, SGR 
Metanil yellow See Coal-tar tlyes 
Metaphen as antiseptic, &SS 
Methanol, effect on skin, 272 
poisoning, 250 

vapor. Sre Methyl alroliol vapor. 
Methyl alcohol, effect on skm, 272 | 

vapor, poisonous amounts in ' 
air, 153 
sources of, 152 
toxic effects of, 152 
liromKlc gas sourcce oC, IM 
toxic effects of, 154 
ciiloride gas, sources of. 154 
toxic effects of, 164 

Methylene bluc-gcntmn violet as an 
antiseptic, 5S8 

Microcytic anemia due to iron defi- 
ciency, 93 

r51e of copper in, 93 
Microplithalmia, mhcnlance of, 47 
Microiporon aiitlouinu environmental 
foci, 401 

/e7Ti/ipn<'a, environmental loci, 401 
Jiiwrescena, environmental Ion, 401 
furfur, environmental loci, 401 
ina, environmental loci, 401 
mtnnhstiiHHBi, environmental loci, 
401 

iardvrn, enviromental loti, 401 
umbanaium, environmental Imi, 
401 

viUosiim, environmental loci, 401 
xanlh/>tlea, environmentol Ion, 401 
Microsporons, iiivasiliility, pathogenir- 
ity, antigenic powers, 45S 
iVicmpomiii fuleum, environmental 
loci, 401 

lanoxum, environmental loci, 401 
Mierosporum infection, from living 
nnimiil source*, 440 
Milk, bacteria in, 509 
certified, .509 
commission, 50S 
condensed, 510 
digestion of, 124 
grarles of, 509 
organisms carried by, 443 
punfictttion of, by boding, 569 


Milk, purification of, by pasteurization, 
512 

standards, 509 

Milking, sanitary practices, 511 
Milb-pail, sanitation of, 511 
Mineral content of body, 71 
dusts, 184 

elements In foods, 81 
metabolism of, 81 ff 
prevention of deficiency in, 
117 

metabolism, 81 
Minerals, 61 

availability of, in community, 117 
Miner's earner due to raibum, 332 
cramp, 338 
Mistral, 34C 

Mite bites, prevention of, 558 

infestaticin from dirt and soil, 439 
synopsis of prevention, COO 
Mites, ecology of, 430 

environmental loci. See Specific 
forms 

invasibility, pathogenicity, 470 
poisons of, 291 

Mocassin, poisoning from, 295 
Model Morbidity Law, U. S P 11. S., 
.562 

Molluscum contagicsum from contact 
Miurccs, 430 

synopsis of prevention of, COO 
virus, environmental loci, 39S 
invasibility, pathogenic- 
ity, antigenic poners, 
453 

.1/oRi/ta oflucans, environmental loci, 
401 

invasibility, pathogenicity, 
antigenic powers, 458 
Moniluk'is acquired from fingers, 442 
from fnmites, 437 
from milk and dairy products, 
443 

synopsis of prevention, COO 
Monkeys, quarantine of, 539 
Monksfiood as suiiidal poison, 251 
poisoning from, 232 
Monochloracetic acid, effect on skin, 
273 

Mononilrobenzene, skin absorption of, 
273 

Afonsoon, 346 

Morphine m opium smoke, 172 
physiologic effects of, 222 
tolemnce to. 222 
Afosquito control, 550 
deterrents, 553 
nets, 548 

Mosquitoes as vectors of pathologic 
organisms. 441 
ecology of, 431 
environmental loci, 407 
invasibility, pathogenicity, 4G9 
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Mosquitoes, irritant action of, 288 | 

larvicidal fish, 431 
natural enemies of, 432 
Moths, skin irritation from, 28S , 

Mountain sickness, 326 I 

Mouth, normal defenses against infe<s : 
tion, 446 

Multiple sclerosis, inhentance of, 47 
virus (?), environmental loci, 
399 

Mumps, sources of infection of, 438 
synopsis of prevention of, COl 
virus, environmental loci, 399 

mvasibility, pathogenicity, 
antigenic powers, 455 
3fu8ca (foMCslica, environmental loci, 
409 

Muscarm, 194 

Muscular atrophy, inhentanec of, 47 
Mushroom poisoning, prevention of, 
203 


N 

X^potha. See Benzine and Petroleum 
distillates 
iflg, 146 

Naphthol. See Betanaphthol. 
Narcissism, 665 

i Natiom^l Public Health Service, 560 
' Natural History of Disease, 20 
Necator ameneamis, en% ironmental loci, 
405 

I mvasibility, pathogenicity, 

I antigenic powers, 403 

Necato^ americanus infection See An- 
cylostomiasis. 

Netssena gonorrhea, environmental loci, 

I 397 

' mvasibility, pathogenicity, 

antigenic powers, 451 
tnlracelliikint, environmental loci, 

; 397 


Mushrooms, poisonous, 194 
Mussel poisoning, 196 I 

prevention of, 204 
Mustard gas, 146 

poisonous amounts in air, 146 
sources of, 140 
toxic effects of, 146 
Myiasis acquired from animal products, 
440 

from dirt and soil, 439 
from meats, 443 
from vegetables, fruits and 
salads, 443 
pathogenesis of, 470 
synopsis of prevention of, 601 
Myiasis-producing files, control of, 556 1 
hlycctoma acquired from dirt ami soil, I 
439 

from fomites, 437 
synopsis of prevention of See 
Fungus diseases. 

Myenhaciennm Uprx, environmental i 
loci, 39G 

mvasibility, pathogenicity, 
antigenic povrers, 451 i 
tidicrcidons borts, environmental | 

loci, 397 I 

mvasibility, patlic^mc- i 
ity, antigenic powers,' 
451 I 

homtnis, environmental loci, I 
39G 

mvasibility, patiic^nic- 1 
ity, antigenic powers, 
451 

Myopia, inheritance of, 47 
Myositis, local chilling and, 345 See 
also Fibrositis. ' 

M)'riapoda, poisonous, 288 
MytUus cahfomianiis, 196 
edidis, 196 

Myxedema, proteins and, 6.5 


I mvasibility, pathogenicity, 

antigenic powers, 451 
Nephritis, climate and, 353 

ether anesthesia in, dangers of, 175 
I high-protein diet and, GO 
I ^ low.prolein diet in, 65 
Nephrosis, fat metabolism and, 79 
Nervous diseases, influence of chmatc, 
353 See also Psychoneurosis 
nnd Psychosis 
indigestion, 127 
nmabihly, 642 

sy'stem, causes of defects of, 023 
inherited defects of, 623 
I integrating functions of, 622 

Nettle, skin irritation from, 2S2 
Neuralgia, lopal chilling and, 345 
Neurili^, olcohol ami, 199 
I optica progressiva, inheritance of, 
47 

Ncurocireulatory asthenia, psyclnc fac- 
tors m, e4i 
Nickel carbonyl, 160 

«ourecs of, ICO 
toxic effects of, 160 
skin irritation from, 2S2 
' Ntco^la^^a lobacutn, 1G8 
! Nicotine, 168 
1 ^ toxic effects of, 1G9 
Night blmdne«s. inheritance of, 47 

vitamin A deficicniy and, 102 
soil used as fertilizer, 521 
Nitrobenzol, 144 
sources of, 144 

Nitric arid as suicidal poison, 245 
fumes, 150 

sources of, 150 
toxic effects of, 150 
lethal dose, 248 
poisoning from, 247 
Nitrochlorbenzene. See Dimtrochliir- 
i benzene 
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Nitrogen balaiKC, effect of high almi>- 
8|)hene pressures on, 328 
Nilroglyeerme, effect on skin, 273 
Nitmuydrochlonc acid as sujcidal poi- 
son, 215 

Nitroso compounds, effect on skin, 273 
Nitrosohetanaphthol, effect onBkm,2ra 
Nitrous lumes. See Nitric aeiii fumes, 
oxide as anestlietie, 175 
elleetH of, 175 
Non-postural stress, 313 

prevention of, 320 
Normal, definition of, 22 
Northers, 310 
Nose, hygienic care of, 570 

normal defensoa against infection. 


Oputhorchi* I'mrnm, environmental 
lOLi, <105 

Invnsibility, pathogenicity, 
4C0 


Opium, alkaloids in, 171 
availability, 2-10 
habit, 222 

prevention of, 17b 
lethal (lose of, 240 
pfiysiologie effects of, 222 
prejiaration for smoking, 171 
preparations containing, 221 
rogulallons on sale of, 240 
smoking, 171 

preparation fur, 171 
sourtes of, as suii idal poison, 230 
•*■40 1 Opsnmns 183 

resistance to cliemical irritants, , Orel liypene, 571 
259 I Orange juice in prevention of dental 

Notifiable rommumeahle diseases, 5C2I panes, 109 

Novocaine, skin irritation from, 2^ ' of scurvy, 109 

Noxious vapors, gases and fumes, 130 skin, irritation of skin from, 2S2 
NurgiiigasaninslinetivoteiMlency,C25 Orange II. See Coiil-tar dyes. 
Nutritional unomui due tn iron tlefi- Omifftw/oi-jM /tincvUtla, environmental 


( leney, 93 
defects, prevent ion of, 1 1 1 


Nutritive elements, effect of, on body Ornithorhynelius, 290 


...I, 409 
Inlaje, environmental Ion, 400 


posture, 309 
in health and disease, 53 
functions, training in, 051 
Nyctalopia, hereditary, 47 
Nystagmus, hcrrditnry, 47 


Orova fever, synopsis of prevention of, 
Oil 

Orris root, skill irritation from, 282 
Osteitis due to radium, 3S2 

fibrosa cystica, cakium and, 87 
I Osteogenic sarcoma due to radium, 382 
Osteomal.ncia, calcium metabolism and, 
! 87 


, 121 


'Osteosclerosis, vnhetitance of, 47 

Obuostjon, social, ncee«ity for. 078 'Otosclerosis, inhentanco of, 47 
Occupational dermatitis, prevention of. Overweight, nutritional factum it 
297 psychic factors in, 053 

diseases Sre Appropriate eondl- Ovum, transmission of infection liy, 433 
tions. Oxalic acid os eiucidal poison, 2<5 

(Tklipus complax, 0G5 I effect on skm, 274 

(Esirui ott«, environmental loci. 409 IcUmt dose, 249 

Offal, disposal of, in fly tontrol, .'>55 | poisoning from, 245 

'' ' a mosquito control, .5')! Oxygen, oeficiency of, at high altitudes, 


of bergamot, skin irritation from, 
282 

of micbane, absorption through 
skin, 273 

Oils, cutting and lubricating, effect on 
skm, 273 

enylrorunentaJ Joeji, , 

405 


Oxyunasis, synopsis of prevention of, 

cot 

Oysters, bacteriologic examination of, 
C28 

purification of, 529 
saDitoi^’ control of, 52S, 541 
Oione, purification of water hv, 50-1 


Ophidia, poisonous, 293 

Ophthalmia neonatorum, Creile's meth- | Psint, poisons in, 229 

od of prophylaxis, 6S6 i removers, skm irritants in, 282 

Opisihorcinf /efineus, environmental [ PiuJ-Amencan Sanitary nurenu, 509 
loci, 405 PojOTwT somm/rrur/i, 171 

invasibility, pathogenicity, Papilloma of larynx virus, pnvironme 
4GG I tal loci, 398 
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Pappataci fever, synopsis of proven - 1 
tion, 601 

virus, environmental loci, 399 
invasibiUly, pathogenic- 


Paradin oil, effect on skin, 273 
Paragonimiasis. See Fluke infcclionv. 
1‘araffanimus tceslerrnant, envirunmcn- 
tal loci, 405 

mvasibility, pathogenicity, 
antigenic powers, 467 
Paraldehyclc addiction, 223 
Paranitranibn, effect on skin, 274 
Paranitrosodimethylamin, effect on 
skm, 274 

Parasite, definition of, 392 
Parasites, acqui«ition of, 433 

dependent solely on man, 411 
factors affecting surviiral, 411 
human pathogenic, 395 
portals of entry of, 433 
ParaMlism, 392 

Parasympathetic nervous system, ef- 
fects of stimulation of, 
639 

functions of, 633 

PiiratbyTOids and calcium mctal>u1i-m, 
87 

Paratyphoid fever acquired from drink- 
ing natcr, 442 
front fingers, 442 
from meats, 443 
from milk and dairy products. 
443 

synopsis of prevention of, 610 
Purenteraf poisons, 256 
Parctle type, 43 

Paris green in mosquito control, 551 
poisoning from Set Atsemo 
Paroxysmal hemoglobinemia, cold in 
etiology of, 333 

tachycardia, psychic factors m eti- 
ology, Wl 

Parrot fish, poisonous, 190 
Parrots, quarantine regulations for, 
539 

Passive immunity, 490 

immunizing agents, 5S3 
Pasteurella vestis, enviroumenlal loci, 
397 

mvasibility, pathogenicity, 
antigenic powers, 451 
(ularenats, environmental loci, 397 
mvasibility', pathogenicity, 
antigcmc TOwers, 452 
Pasteurization of milk, 512 
Pathogenesis, general considerations of, 
444 

PatiZZinio sorbilis, 200 
Peach kernel, poisoning from, 232 
PeditniUndes cenlncosia, environmental 
loci, 409 


Pediculoides ventncosis, invasibility, 
pathogenicity, 470 
Pediculosis, contact sources of, 437 
^nopsu of prevention of, C02 
Pediculus humanits, environmental loti, 
, 409 

mvasibility, pathogenicity, 
470 

Fellagni, diet and, 120 

plioto-bcnsitivity in, 307 
protein deficiency and, 61 

supply of communities and, 

no 

vitamin and, 107 
Peptic ulcer, hereditary prcdisjiosition 
to, 48 

influence of tobacco-smoking 
m, 171 

nutritional fatiurs in, 121 
Vitamin C dcficierity and, J09 
Permtious uncmia, climate and, 353 

food deficiency and, 67, 120, 
130 

hcreditaiy picditpositiou to, 
48 

Pcniiu, 332 

Persona! hygiene, 560, 572 
prophylaxis, 566 
values as behavioi patterns, 062 
development of, 032 
in sax behsvinr, 670 
Personality, “anlage” of, 632 
cyclothymic, 644 
ilevelopment of, 630 
differences in. 630 
factors influencmg, 636 
inheritance and, 632 

S ohogenic factors affetting, C42 
izoid, 644 

types, development of, 643 
Pertussis, immune serum m, 5S2 
synopsis of prevention, 611 
vaccine, Krueger’s, 579 
Sauer’s, .578 

Perversion in sex behavior, 673 
Petroleum distillates, inhalation of, 146 
poisonous effects of, 146 
sources of, 140 
oil, effect on skm, 273 
Pets 03 sources of allergens, 189 
Phagocytosis, nature of, 4S1 
Phenol See Carbolic acid. 
Phenylhydrazin, effect on skin, 275 
Phialophora vernieosum, environmental 
loci. 401 

PAZe5(rfomus papalasstt, vector of virus 
of Pappataci fever, 441 
pemicaruTn, vector of Bartonella 
bactUiformis, 395 
Pho^ne, 145 

poisoning from, 146 
I sources of, 145 
I Phosphorus, 89 



SUBJECT INDEX 


Pliosplioni'i, ubsurplion of, 00 
content of foods, 00 
excretion of, 89 
fumes, 100 

sources of, 100 

toxic effett of, 101 I 

III cjrlioliydratc metabolism, fcO 
poisoning from industrial sourere, ^ 

lethal dose in, 212 
in suicide, 242 
hyniptoms of, 213 
rcquircmcnl«, 90 
btornge of, 89 
in tissues, 89 
Phossy jaw, 101 

Photographer’s supplies, poisons in, 230 
f'hlktnui pu6ts, environmental loei, 410 
invasibility, patlioscnieity, 
470 

infeslution, synopsis of prevention 
of. 602 

Pliysical foncb and energies, setion of. 

301 

■ body tolemiice to. 303 
truumn, initure uf, 303, 316 
PIi) biologic diet, 133 
Pliysostigmii, poisoning from, 233 
Physostigminc ns homicidal poison, 231 
Pulling of food, effettivonc'w of, 529 
Picric neid, effect on skin, 275 
Pigmentary degeneration of retina, in* 
liPTitanco of, 47 

Pigmentation of skin, acquired, 359 
due to radiant energy, 339 
Pike, poisoning from, 100 
Pinworm. See Lnlernbias 
mfdction. See Oxyuriasis 
Pistes, poisonous, 291 
Pityriasis versicolor Sec Fungus infec- 
tions 

Placarding m control of contagious dis- 
eases, 504 

Placenta, organisms transmited through, 
431 

Plague, 437 

antiserum. 5S3 

synopsis of prevention of, 602 
vaccine, German Plague Comrois- 


ismoatumfalapanim, environmental 
loci, 403 I 

mvnsibilily, pathogenicity, 
antigenic powers, 461 | 

malans, environmental loci, 403 i 
invasibibty, pathogenicity, 
antigenic powers. 461 ' 

tivaz, environmental loci, 403 

mvasibibty, pathogenicity, | 
antigenic powers, 461 i 


Play associations in children, 675 
Pleasure as a factor in behavior, 634 
Plum kernels, poisoning from, 232 
Plcimbism from volatilized lead, 157 
Pneumococcus, antigenic structure of. 
I 475 

infccUou acquired at birtli, 433 
I from contact sources, 435 

from dirt and soil, 439 
from droplets, 43S 
synopsis of iirevention of, 
602 

vaccine, 578 

Pneumonia acquired fnmi dust and 
droplet nuclei, 442 
effect of climate on, 333 
hereditary predisposition to, 48. 
Seealso Pneumococcus infection. 
Pneumotluirax due to physical forces, 
314 

Poison, defiiiilion of, 131 

as defined by Wdey, 207 
Poisoning, accidental, 22S 

gcnenil disrussion of, 131 
proceswb of, 132 
prevention of. See Special 
forms. 

Poisonous animals, 2SG 
foiKls, 194 
plants, 231 

Poisons, absorption of, 202 
acquired by contact, 256 
by ingestion, 192 
inhalation, 136 
cla-ssificalion of, 132 
elimination of, 135 
from domestic contacts, 278 
in animals, 286 
ivy, 282 

natural defenses against, 192 
oak, 2S2 
sumac, 282 
tolerance to, 133 

Pohoiuycbtis, acute anterior, climate 
and, 353 

dust and droplet nuclei 
and, 442 

milk and dairy products 
and, 443 

synopsis of prevention of. 
602 

uimmnn ecTwn, 5&2, 
pcro-vaccine, 585 
vaccines, 582 

virus, environmental loci, 399 
mvasibibty, pathogenicity, 
antigenic powers, 455 
Pdisiics, poisons in, 230 
Pollens, sensitizing, 182 

protection from, 188 
Polydactyly, inheritance of, 47 
Fora, organisms acciuired from, 443 
aomtaiy control of, 537 
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Porocepkalus anmllatus acquired from' 
drinking-water, 442 
environmental loci, 410 
Posture, faulty, causes of, 307 
effects of, 311 
prevention of, 319 
normal, 300 
training, results of, 313 
Potassium, amount in diet, 85 
elimination of, 85 
hydroxide as suicidal agent, 245 
effect on skin, 275 
poisoning, 249 
intake, excessive, 85 
metabolism of, 85 
permanganate in purificaiiun of 
water, 504 

requirements in tissues, 84 
of body, 85 

P-P. factor of Goldbcrger, 106 
Predisposition, 44 
inherite<i, 48 

Pregnancy, Wassermann tests in, 505 
Preservatives, food, 208 
Preserving, effectiveness of, 529 
Prevention, principles of, 33 
Preventive dietetics, 129 
Primrose, skm irritation from, 282 
Private interests, sanitary control of, 
534 

Pnvet, poisoning from, 232 
Privy, sanitary specifications for, 517 
Procaine, skin irritation from, 2% 
Promiscuity, fal«e views on, 074 
Prostitutes, control of venereal disease 
and, 565 
Protein, 61 

assimilation of, 62 
biologic protein value (B.P.V.) of, 
63 

caloric value of, 62 
carbohydrate m, 62 
component of antigens, 473 
daily requirement, 02 
defects, prevention of, 60 
hydrolysis of, 61 
intake, deficient, 64 
excessive, 65 
metabolism, 03 
requirements of tissues, 61 
specific dynamic action of, 62 
synthesis of, 61 
Proteins, gout and, 65 

maintenance of supply in foods, 
116 

myxedema and, 65 
sensitization and, 66 
sensitizing m air, 182 
Protoplasm, composition of, 55 

effect of electric currents on, 372 
of radium emanations on, 380 
food requirements of, 55 
Protozoa, animal hosts of, 424 


Protozoa, antigenic properties of, 477 
dependent solely on man, 423 
factors affecting survival, 423 
human pathogenic (list), 402 
inimsibility, patfiogenicity, 460 
Prussic acid as a suicidal agent, 238. 

See also Hydrocyanic acid, 
gas, 139 
Psittacosis, 442 

synopsis of prevention of, 603 
virus, environmental loci, 398 
invasibility, pathogenicity, 
antigenic powers, 463 
P&ycluc disorders, causality in, G33 
equdibrmm, disturbance of, 625 
factors, influence of, on body, pos- 
ure, 310 

onrutnlionand takingof 
food, 127 

on physiologic functions, 
638 

rfile of, m diabetes, 640 

in digestive dibturbanccs, 
640 

ID functional heart dis- 
orders, 641 

m hyperthyroidism, 611 
in neuiocirculatory asth- 
enia, 641 

in psychoneuroses, 641, 
648 

in psychoses, 611, 049 
PsychocoHoidocIastie diathesis and 
shock, 639 

Psychobiologic factors m etiology of 
disease, 613 
functions, levels of, 622 
mechanisms, 614 

causes of defective, 619 
Psychobiology, C13 
Psychogalvanic response, 619 
m hysteria, 649 
Psychogenic factors, 643 

defense against, G51 
in etiology of nervous and 
mental disorders, C48 
Psychoncurosis, psycliogenic factors in 
etiology of, 648 
Psychoses, biogenic, 649 

psychogenic factors in etiology of, 
649 

P^ciiosomatie unit, 613 
Psychrometer, 342 
Ptomaine poisoning, 215 
Puberty, sex changes at, 668 
Public buildings, sanitary control of, in 
epidemics, 564 

eating places, sanitary control of, 
531 

health, functions of, 497 
Pukx tmiajts, environmental loci, 410 
invasibility, pathogenicity, 
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Puticluu' ttouiuls, pru{i 1 t 3 l'iclic ttraU 
mcnt of, 573 

Purr I'ooa ami Art, 207 
Pyrctiirum ns iiiM'ctn id*-, 548 
in lontrol of hrtllju^s, 557 
skin iriitulioii (roiii, 282 
PjroualliL- iirui, iffrrt uii bkiti, 275 


Q 

(2u\NriiM llirorj- of ti{;M, 355 
(Juarantinc, nnmml, 537 
liuman, 5)0 
individual. 503 
inland, 540 
mlrrnationat, 5(i0 
marilimr, 530 
{>riiK'i|)lrs of, 5(i3 

rcKiiIil ions III urufr < oimnuiiiniidc* 
dora-'cs Str S>i»>|>sih of ptt^ 
vriitinn under rai h aivs-j'io 
(lilinonu diclilordumm, cCTcrt on bkm 
275 


Iladium, emanations, bioloRic effect c 
370 

poisoning. 381 

Iircvrntion of, 380 
piotecticio from, 387 
source of, 379 

thcriiiieutic preparations of, 3S() 
tlicrapy, (lanRons in, 382 
ItadoR, hourre of, 379 
Ubr^pciI, allergic reaction to, lb2 
skin irritation from, 2S3 
Hat flea, cxtcnnmulinn of, 517 
poisons, 542 

llat'liitc fever from living uninu 
souries, 440 

synopsis of prevention of, 00 
llat-iontrol, 512 

llal-iiroofing, e|n-i ificntioiis for, 512 
Hattlcsnakcs, poisomuis, 295 
Hays, poisonous Srr Stingrays. 
Ileartioii pattern, 033 
lletnJer’s vitamin, 107 
l(e<csMve paUiologieiliaructii'siii nian 


Itiscsuvcnrss, 38 

R Itedhug St! Ivcpliit nidiiMnafis. 

|{e4iwo<Hj, skill irntutiim from, 283 

It \Ni» S liartcrul lolonics, 174 I llefngrnUnr g"*^, j'revenlmn of poison 

lUbtcs iiu]uir«l front unmml wiune^. mg from, 157 
438 ' Kcflc'c acts, 017 

from lonlacl sour<i«, I3<i ltcflcxe«, eoufiilionc’d, 033 
from tnilk and d.aii> produits. I ltelap«ing fever acquired fnjm inserts 
143 I 441 

e> noii'19 of prcVDiitiun of. f>03 I aj nop«is of prevention of, til) 

vuiemp, .iSl I Itcljtive humidity, definition of, 341 

Hiirris’i 581 optimum, 350 

llSgyes, 581 lleltgum as a fnetor m helnvior, 071 

ty-mplc's, 578 Uciwlitwin m boliavuir, fi33 

virus, environmental hai. 398 ' Uepression, psyilnr, b75 

inviisihiiiiy, patliogenii ily. ' Itcptilia, poisonous, 293 
antigenic powers, 1.51 i Kpservoirs, water, 500 
lime Miiienoiity and mfcnority, (»23 I rontaminatlon of, 5011 

Uaduiit cncTR)', IroUiric eflertwof, 301 1 Ucsiw, bkin inilallim from, 283 

defense against, 309 I Hi~pctt for women as a factor m so 

offret on cells, 3CiO Ijcliavuir, 072 

olTerIb of, Ri'nernlly, 359 Uc>pinilorj’ tract, defenses of, 570 

n.ituie of, 355 i orpinisms enfeniig bj way of, 

plinUvchcmiral action of, 3t»1 442 

relative sensitivity of eelU to, llr~|i<m'>iliility, need of, forsoci il iivmg 
302 078 

sourios irf, 353 llestaurunts, s'lmtnry contni! of, 331 

-wa’cM-s.-piwr'ift-iVRd’iTx/isoirmg'tiy, 5\i'k'trnVr«-ifigmi.'n\oNi, tn'iicrAwifct/i, 53 

38S . Uhcuinatic fever, rare of, in childrcOi 

.sources of, 3S2 ' 50S 

Itadio-active elements, 379 climate and, 353 

emanations, sources and nature of, . synopsis of prevention of, 00-1 

378 pains, influence of mcteorologic 

Itadio waves, 3.55 factors on, 325 

ftaditlior, poisoning from, 3S3 Rhinitis, allergic, 183 

Radium, amount tnlerable in body, 382 1 Ilhinosponduim «cc6trt, enviionmcntal 
dial pnisoinng— Report of U. S P. loci, 410 

IL S. oil, proUctive mcosiucs, UhixoqiHuliu’* iimfoiiticos, cnviromiicii- 
3S9 I tal loci, 410 
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Rhus, skin irritation from, 2S2 
Rickets, calcium metabolism m, 87 
deOcient sunliRht m etiology of, 370 
\'itamia D deficiencj' in, 111 
prevention of, 111 

RiAetlsia ntpponicQ, environmental 
loci, 399 

proirajfti, environmental loci, 400 
qutnlaM, environmental loci, 400 
Rickettsia, animal hosts of, 416 
antigenic properties of, 477 
hximan nathogenic, 399 
invasibility, pathogenicity, 456 
survival factors, 413 
Rickettsial vaccines, 577 
Rift Valley fever acquired from animal 
products, 440 
from animals, 43S 
synopsis of prevention of, 
604 

virus, environmental loci, 
39S 

invasibility, patho- 
genicity, antigenie 
pon'era, 454 
Ringworm. Set Fungus disease. 
Rocky Mountain spotted fever acquit* 
ed from insects, 
441 

sjmopsis of preven- 
tion of, 604 
vaccines, 57S 
Rodent control, 541 
Rodenticides, poisons m, 229 
Rouge, skin imtation from, 2S3 
Roundnorm. ,?ce Ascans. 

Rubber, skm irritation from, 2S3 
Rubeola. See Measles. 


S 

S AXD R bacterial colonies, 474 
Saccharin as a food preservative, 20S 
Salads, organisms carried in, 443 
precautions m use of, 531 
Salamanders, poisonous, 293 
Sabcylic acid as a food preservative, 
208 

Safmoneffa serirycke, environmental lod, 
397 

invasibility, patbogenjcity, 
antigenic powere, 452 
entmtufis, environmental lod, 397 
invasibility, pathogenicity, 
antigenic powers, 452 
Salmonella infection, synopsis of pre- 
vention of, 604 

Salmonella paraiyphi, environmeiital 
loci, 397 

invasibility, pathogenicity, 
antigenic powers, 452 
schaUmdllen, environmental lod, 
397 
45 


Salmonella schoffmilllen, invasibility, 
pathogenicity, antigenic pow- 
ers, 452 

autpesttfer, environmental loci, 397 
invasibility, pathogenicity, 
antigenic powers, 452 
(upht-murium, environmental loci, 
397 

Salt balance, maintenance of, 82 
conservation, 83 
deficiency, 83 
deprivation, efiect of, 83 
Sand blindness, 365 
filters, 503 

Sanitary and Maritime Council of 
Alexandria, 560 
Sanitation of premises, 542 
Sarcocyslta hominta acquired from meat, 
443 

iindcmanm, environmental loci, 403 
Sarcoma due to radium, 382 
Sartophaga eamana, environmental 
loci, 410 

hemoTThotdobs, environmental loci, 
410 

lambfn«, environmental loci, 410 
Sareophila latxfrona, environmental loci, 
430 

rurafi*, environmental loci, 410 
Sartoplta techier, invasibility, patho- 
genicity, 470 

Satinwood, skin imtation from, 283 
Satisfactions, biologic, 615 
Saturation point of air, 342 
babies, contact sources, 437 

synopsis of prevention of, 604 
Scarlet fever, animal sources of, 4SS 
antitoxin, 583 
climate and, 353 
contact sources of, 436 
from fomites, 437 
from nu)k and dairy products, 
443 

synopsis of prevention of, 605 
vaccine, 579 

Sehislosoma kemalolnum, environmental 
loci, 405 

invasibility, pathogenicity, 
antigenic powers, 467 
japmieum, environmental loci, 406 
invasibility, pathogenicity, 
antigenic powers, 467 
ntantoni, environmental loci, 406 
invasibility, pathogenicit}-, 
antigenic powers, 467 
Sdustosonuasis from drinking-wator, 
442 

from surface water, 440 
6ynor«is of prevention. See Fluke 
infections. 

Schizoid personality, 644 
Schizophrenic psychosis, psychogenic 
factors in etiology of, 649 
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Schmutidecko, 503 

SchUller-Chnstlan tlisea'se and fat 
metabotism, 80 
Scoliosis, 300 

hereililary predisjKisition to, 4S 
Scopulariopsis bhcht, environmental 
loci, 401 

Scorpions, poisons of, 239 
Scourers, skin irritants in, 283 
Screening m fly control, S5G 
in in«ect control, 543 
Screw-norm, invasibility, pattiogcnio- 
ity, 470 

Scurvy, vitamin C m etiology and pre- 
vention of, 309 

Sea foods, precautions m use of, 570 
organisms earned by, 443 
sanitary control of, 527 
Sea-snakes, poisonous, 290 
Seatworm. iSee Enterobius 
Sedimentation of sewage, 521 
purification of water, 502 
Sclactimns, poisonous, 202 
Selenium fumes, IGl 

sources of, IGl 
toxic efTects of, 101 
Self-assurance ns factor m behavior, 6fi3 
Setf-resiKct as factor ui sex iielmvior, i 
G71 

Sensitivity, cellular, to radiant energj-, 
3G2 

Sensitisation, mcchatiisms of, 197 
processes of, in skiu, 200 
to bacteria, 4S5 
to dusts, 181 
to food, GO 

Sensitized vaccine in dysentery, 584 i 
Septic tank, prmeiples and construction 
of, 518 

Serbian barrel in dolousing, 554 
Service tree, poisoning from, 232 
Settling tanks for sewage, 521 
Seven-day fever from animals, 440 

synopsis of prevention of, 
C03 

Sewage, disposal of, 520 
oxidation of, 522 
sclf-punfication of, 620 
Sex as basis of the family, C70 
behavior in infancy, 0G5 
m childhood, 065 
changes st puberty, OGS 
chromosomes, 40 
conditioning at puberty, 669 
delinquency, cheeks on, 671 
feelings, 665 

habits, development of, 600 
heterosexual, 665 
personal, 665 
hygiene, 568 

in marriage, importance of, 673 
interests in childhood, 665 
linkage, 40 


Sex linlcccl recessives in man, 47 
mechanisms, 663 • 
at puberty, 668 
mindedness, 672 
needs, 064 
play m children, CGG 
satisfaction, resolution of, 672 
social conformity and, 070 
shocks in childhood, OGS 
suppression, need for, 673 
symbolization, 072 
tendencies, instinctive, 016 
training ol children, 667 

responsibility for, 672 
fkorusbtv, indivnluaJ vanatians in, 
669 

Sheep, quarantine regulation of, 539 
Shccp^ip, 55S 

Shellac, effect on skin, 275. See alio 
Amyl alcohol, Amjl acetate 
Shellfisli, sanitary control of, 544 
I Shelter as an instinctive tendency, 616 
Shigella dyienUrve, invasibihty, patho- 
genicity, antigenic powers, 452 
tlytenicm, var Fkxner, environ- 
mental Ion, 397 
var. SAigo-A'rusf.cnvironmen- 
tal loci, 397 

var. Sonne (Daual), environ- 
mental loci, 397 
Ships, sanitation of, 545 
Shock, phvsiologic, effects of, 639 
Shoe ^lish, skin imtants In, 283 
Siderosis, 187 
SiLca, effects on lung, 184 
sources of, 184 
Silicosis, 184 

m trades and industries, 186 
influence on tuberculosis, 185 
Silk, skin irritation from, 283 
Silver in water purification, 504 
polish, skm irntants in, 283 
Simoon, 34G 

Sinus tachycardia, psychic factors in, 
641 

Sirocco. 346 

Situational reactions, components of, 
632 

Skin, arthropods on, 446 
bacterial flora, 446 
foods and creams, poisons m, 230 
behnintfis d/i, 4i& 
inherited rrsistaDce to radiant en- 
ergies, 359 

normal bacteria! defenses of, 445 
poisons, 256 

mouatnal, 265 

prevention of harm from, 297 
resistance to chemical irritants, 
238 

substances absorbed through, 263 
Skin-penetratmg larvte, 446 
Slaughtering, sanitary control of, 527 
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Sleeping sickness. See Trypanosomv 

Sludge, activated, 521 
treatment of, 521 

SmallpoT acquired from contact, 436 
from dast and nuclei, 442 
from fomites, 437 
climate and, 353 
synopsis of prevention of, 605 
vaccine, 5S0 

virus. See Variola virus. 

Smoking (tobacco), 169. See also Nico- 
tine. 

of meats, effectiveness of, 529 
Snails, control of, 544 
Snakes, poisonous, 293 
Sneezing, hygienic precautions, 571 
Snow bimdnes.s, 365 
Snuff, 171 

Soap as disinfectant, 585 
excessive use of, 572 
poisons in, 230 
skin irritants in, 283 
Social adaptation, 676 

necessity for, 674 
obligation as a factor m sex de- 
linquency, 671 
participation, need for, 618 
vaiuea, childhood experiences with, 
677 

development of, 674 
trauiing in acceptance of, 674 
Sodium, S2 

bichromate. See Chromic acid, 
chloride, acid-base regulation and, 
84 

content of foods, 84 
elimination of, 83 
level in blood, 82 
metabolism of, 82 
requirements, 82 

fluoride as food preservative, 208. 

See also Fluorine, 
hydroxide as suicidal poison, 245 
effect on skin, 275 
poisoning, 249 

nitrate as food preservative, 208 
Soil, contamination, animal, 523 
human, 510 
prevention of, 514, 524 
mth feces, 516 
with unne, 516 
organisms acquired from, 439 
Solamsm, 194 

prevention of, 203 
Solar radiation, effects on skin, 363 
Sparganosis. See Tapeworm infection 
Spasmodic croup, hereditary predispo- 
sition to, 48 

Specific dynamic action of proteins, 62 
immunization, 575 

Spermatozoon, transmission of organ- 
isms by, 433 


Spider poison, action of, 290 
Spiders, poisonous, 201 
Spinal fluid, effect of increased baro- 
metric pressure on, 328 
Spiiea, poisoning from, 232 
Spirochetes, animal hosts of, 416 
antigenic properties of, 477 
human pathogenic, 400 
invasibility, patliogenicity, 456 
survival factors, 413 
Spirochetosis icterobaemorrhagica, syn- 
opsis of prevention of, 606 
Splenic anemia, inheritance and, 48 
Spoiling of children, 675 
Sporotrichosis, contact sources of, 430 
from fromites, 437 
synopsis of prevention of, 606 
Sporotnenum, invasibihtj , pathogen- 
icity, antigenic powers, 459 
Sporo/ncAum fietirnuinnt.environmental 
loci, 401 

counctlmam, environmental loci, 
401 

f/ovgeroh, environmental loci, 401 
jeantelmi, environmental loci, 401 
schenckt, environmental loci, 401 
Spotted enamel due to fluorine. 1 18, 212 
Sprays, arsenic content of, 209 

prevention of poisoning from, 216 
Springs, pollution of, 499 

prevention of contamination of, 
499 

selection of site, 499 
Sprue, nutritional factors and, 120 
Sbutum, disinfection of, 686 
ST.37 as antiseptic, 588 
Stables, disinfection of, 5S6 
Stammering, inhentance and, 48 
Staphylococcal infection, synopsis of 
prevention of, 606 

StapbylococTj. invaoibihty, pathogenic- 
ity, antigenic powers, 452 
Staphylococcus albus, environmental 
loci, 398 

aureus, environmental loci, 398 
epw/mntffis,environmentalIoei,39S 
Staphylococcus toxoid, 580 
vaccine, 579 

Static meclianical force, 315 
Sterculta acumituUa, 200 
Sterility due to radiant energies, 367 
vitamin A deficiency and, 103 
E deficiency and, 113 
Sterilization, definition, 5^ 
eugenical, 50 

Stiff neck due to dtaughts, 345 
Stingrays, poisonous, 292 
Stoker's cramp, 338 
Stomach, normal defenses against in- 
fection, 447 

Stones, emotional, influence on chil- 
dren, 661 

Stramomura, poisoning from, 233 
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Streams, pollution of, 493 Sulphur dioxide, sources of, 141 

Street cleaning, sanitary, 523 tolerance to, 142 

Streptococcal infection acquired at Sulphuretted hydroeen SceHydrocen 
birth, 433 sdlphide. * 

from animal products, 440 Sulphuric acid as suicidal agent, 245 
from animals, 433 effect on skin, 273 

from contact sources, 430 fumes, 149 

from drmking*«&ter, 442 poisonous amounts in air, 

from rlust and nuclei, 442 150 

from insects, 441 sources of, 149 

from milk and dairy pro- toxic effect of, 149 

ducts, 443 lethal dose, 247 

synopsis of prevention of, 000 poisonmg, 247 

Streptococci, invasibility, pathogmie- Superiority, CG3 
ity, antigenic powers, 453 traits, C6-1 

Sfrep/ococcusrpiarmieiis.environmenlal Surgical asepsis and antisepsi-*, 573 

loci, 393 Susceptibility to living disease agents, 

erysipffator, environmental loci, 488 
398 _ Swimming pools, regulations of, 523 

environmental loci, Sympathetic nervous system, effect of 
398 stimulation of, 63S 

smrlctins, environmental loci, 398 functions of, 638 

iindam, environmental loo, 393 Syinphalangj’, wbcnt&acc ei, 47 
iSiiron^ylotulej sltreonUs, environmental Syndaciyly, inheritance of, 47 
loci, 400 Syphilis acquired at birth, 433 

mvasibillty, pathogenicity, from contact sources, 430 

467 from fomites, 437 

Strongyloidiasis, acquired from dirt and certification for inarnge in control 
end, 439 of, 56,5 

from fingers, 442 synopsis of prevention of, 607 

from vegetables, fruits and 
salads, 443 

synopsis of prevention of, 606 T 

Sturgeon, poisoning from. 196 

Strychnine poisoning, lethal dose, 244 Tabarmllo Ste Typhus fever, 
sources os suicidal poison, 213 Tabetic types, 43 
symptoms, 244 Timio sapincfa, destruction of, in pork 

Subacute combined degeneration of by refrigeration, 523 

rord and vitamin A deficiency, 103 environmental loci, 406 

Subliminal mind, 043 invasibihty, pathogenicity, 

Success and failure, 6G3 antigenic powers, 46S 

attainment of, as personal value, toitum, environmental loci, 406 
675 invBSibdity, pathogenicity, 

Sugar consumption in U. S , 116 antigenic powers, 46S 

Sugars, classes of, 68 Twniasis, synopsis of prevention of. See 

Suicidal poisoning, prevention of, 2o2 Tapeworm infection 

poisons, 235 Tanning of skin, protection by, 369 

Suicide and climate, 353 Tapeworm See Tenia. 

Sunburn, 363 infection, synopsis of prevention 

in health, 369 of, 607 

Sunlight, effects of prolonged erposure Tar, effect on skin, 275 
to, 369 Tarantula, bite of, 290 

overexposure and hypervitammo- Tea and tea-dnnking, 200 
SIS D, 112 nutes See Trombicula 

prevention of harmful effects of. Teachers, sanitary control of, 664 
370 Teak, skin irritation from, 283 

Sulphanilamid, elixir of, pouoning Teeth, effect of fluorine on, 212 

from, 219 hypoplasia due to vitamin A defi- 

Sulphonal, addiction to, 224 ciency, 103 

Sulphur dioxide, 141 mheritance of defective, 48 

as a fumigant, 348 vitamin C and, 108 

effects of, 142 Tdeost fish, poisonous, 291 

poisonous amounts in ^r, 141 Tellurium, 161 
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Tellurium, sources of, 161 
(oxic effect of, 162 
Temperaments, 657 
Temperature, optimum, 350 

range of, for man, 330. See also 
Cbmate, Cold, Heat and Mete- 
orologic factors. 

Tendo AchiUes, shortening of, due to 
disuse, 310 

Tetanus antitoxin, 583 

from catgut, vaccines, etc. 441 
from dirt and soil, prophylaxis by 
care of wounds, 573 
sj’nopsis of prevention of, 60S 
toxoid, 5S0 

Tetrachlorethane vapor, sources of, 152 
toxic effects of, 152 

Tetrachlormethane, effect on slcin, 268, 
276. See also Carbon telrachlondc. 
Tetraethyl lead poisoning, 159 
prevention of, 1G8 
Tetrodon, poisoning from, 196 
Tetronal, addiction to, 224 
Thallium as rat poison, 542 i 

effect of, on skin, 276 I 

Thea chtnensts, 200 

Theatres, sanitary control of, 535 I 

Thlocarbarulid, effect on skin, ^6 
Third pigeon factor, 107 
Thom apple, poisoning from 233 
Thoron, source of, 379 ; 

Thought as a factor in behavior, 627 ^ 
Thrush acquired from fingers, 442 
from fomites, 437 
from milk and dairy products, 443 
synopsis of prevention of. See 
Monibasis. 

Thyrotoxicosis, psychic factors in eti- 
ology of, 641 
Tick control, 557 

Ticks acquired from grasses and vege- 
tation, 439 

breeding habits of, 557 
ecology of, 430 

environmental loci. See Specific 
forms. 

poisons of, 291 

Timidity as a factor in beha^or, 663 
Timothy, skm imtation from, 2^ 
Tine* and Tinea infections. See spe- 
cific orgamsmsandFungus infections. 
Tissue immunity, 484 ' 

Tobacco mite, 440 

skin imtation from, 283 i 

smoke and smoking, 168 
CO content of, 138 
composition of, 169 I 

effects of, 169 

prevention of poisoning from , , 
177 

tolerance to, 171 

Toilets as sources of infection, 438. See \ 
also Privy. 


Tolerance, limit of, 22 
to poisons, 133 
versus immumty, 134 
Tongue worm. See Porocephalus. 
Torma histolytica, environmental loci, 
401 

invasibility, pathogenicity, 
and antigenic powers, 458 
Tonila infection. See Cryptococcosis. 
Toxin, nature of, 476 

neutralization of, by antitoxin, 483 
Toxin-antitoxin, diphtheritic, 584 
Toj^ as sources of infection, 438 
Trains sanitary control of, 535 
Transplacental mfection, 434 
Trauma, natural body defenses against, 
317. See oiso Injury, 
physical, nature of, 317 
Trematode infection See Fluke infec- 
tion. 

Trematodes. See Specific forms of. 
Trench fever acquired from insects, 441 
synopsis of prevention of, 60S 
Treponema pallidum, environmental 
loci, 400 

Invasibility, pathogenicity, 
antigenic powers, 457 
perlenuis, environmental loci, 400 
invasibility, pathogenicity, 
antigenic powers, 457 
nneenh, environmental loci, 400 
invasibility, pathogenicity, 
antigenic powers, 457 
TrichxneUa spiralis, destruction of, in 
pork by cold. 627 
environmental loci, 406 
invasibility, pathogenicity, 
antigenic powers, 468 
Trichinosis acquired from meat, 443 

S mopsis of prevention of, 608 
orethylene, effect on skin, 270 
Trichlorphenol. See Carbolic acid. 
Tnchocephaliasis, synopsis of preven- 
tion of, 608 

Trtehocephalus tnehiuns acquired from 
vegetables, fruit and salads, 
443 

environmental loci, 406 
Invasibility, pathogenicity, 
469 

TrichophMon acuminatum, environmen- 
tal loci, 401 

olbuTn, environmental loci, 401 
circonmlulum, environmental loci, 
401 

cocevneum, environmental loci, 402 
equinum, environmental loci, 402 
tannulenlum, environmental loci, 
402 

felineum, environmental loci, 402 
fumatum, environmental loci, 402 
glabrum. See Tnehophyton nolo- 
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Trichbjihijion granuhsum, environ- TuberculosM, climate and, 353 
mental loci, 402 tontro! in school brc, 568 

ItKlkohr, environmental loci, 402 ether anesthesia in, 175 
weffnmi, environmental l<xi, 402 faulty posture and, 312 
men^ai7rop/i2/<e*,environmenlallocl, hereditary pr^i«posit(on to, 48 

402 inlicntancG and, 45 

oc/»ro«um, ennronmental loci, 402 eilic(»ia and, 185 

jierncolor, environmental loci, 402 vaccine (11 C.O.). 570 
plieatil-e, environmental loci, 402 See also Tuberculous infection, 

rodiofafum, environmental loci, 4(E Tubcrculousinfeclion, acquired at birth, 
Totundum, environmental loci, 402 435 

riibnim, environmental loti, 402 from animal sources, 43S 

jow/onensij, environmental loci, from dirt and nuclei, 442 

402 from fingers, 442 

«idp/iwnim,environmonta!)oei,402 from fomitcs, 437 

/onstiraM, environmental loci, 402 from milk and dairy prod- 

isolneci/m, environmental loci, 402 uets, 443 

Trichophytons from living animals, 440 synopsis of prevention of, C09 

invasibility, pathogenicity, anti- Tularemia acquired from contact 
genic powers, 458 sources, 436 

Trichophytosis See Fungus infections from fomites, 437 

Trtehosporvm giganleum, cnvironmen- from insects, 441 

tal loci, 402 from laboratory cultures, 441 

Trinitrotoluene, absorption through synopsis of prevention, GIO 
skin, 270 Turpentine, eflect on skin, 277 

Trional, addietion to. 224 fumes, 147 

Tnple vaccine (T.A IJ ), 577 sources of, 147 

Trombteula nkamushi, environmental toxic efTects of, 147 

loci, 410 medicaments, irritation from, 2S6 

dehensfs, environmental loci, 410 , poisoning, 2.i0 
uhilj^nert, environmental loci, 410 Typhoid earners, sterilisation of, 589 
Trombiculs acquired from grasses and fever acquired from dnnking-nat* 
vegetation, 440 er. 442 

invftsibiUty, patbogencsis, 470 from fingers, 442 

Tropical sore from fomites, 437 I from foimtes, 437 

Truthfulness as a factor in behavior, from insects, 441 

003 from milk and dairy pro- 

Tri/panosoma brueei, environmental ducts, 443 

loci, 403 from vegetables, fruits 

cruzt, environmental loci, 403 sod salads, 443 

invasibility, pathogenicity. synopsis of prevention of, BIO 

antigenic powers, 4C2 vaecme, 570 

pambienir, environmental foci, 403 Typhus fever acquired from insects, 
invasibibty, pathogenicity, 441 

antigenic powers, 462 I synopsis of prevention of, 610 

r/Midc»i«n«e.Gnvironmentalloci,403 immune serum, 584 

Trypanosomiasis acquired from insects, vaccine, 577 

441 Ti/roglgpkus eastellam, ennronmental 

Bjmopsis of prevention of, 009 loci, 410 

Tsetse fly, control of, 550 lemgwr, environmental loci, 410 

ecology of, 430 s»ro, envuonmental loci, 410 

environmental loci, 403 
from grasses and wgeCafion, 

440 U 

invasibihty, pathogenicity. 

470 Um*ii, Curling’s, due to burns, 335 

Tsutsugamushi fever, synopsis of pre- lUtra-violet light, ergostcrol activation 
vention of, 609 by, 100 

Tuberculosis acquired from contact effects of, 359 

sources, 435 factors influencing intensity, 

from dust and droplet nuclei, 357 

442 In prevention of rickets, 110 

bovine, prevention of, 638 nature of, 357 
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Ultra-violet light, penetrability of, 35S 
precautions in use of, 369 
nave lengths of, 355 
Understanding, acquirement of, 661 
nature of, 636 

Undulant fever acquired from animal 
products, 440 
sources, 438 
from fingers, 442 
from meats, 443 
from milk and dairy pro- 
ducts, 443 

synopsis of prevention of, 611 
Uranium, source of, 379 
Urotropine. iSee He'ametliylenetetra- 
mine. 

Urethra, resistance to chemicals. 259 
Urinary calculi and vitamin A, 103 
Urination, child interests in, 655 
reflev control, 655 
Urine, disinfection, 585 


7 

Vaccination (smallpox), tecbnica of, 
5S0 

Vaccine sensitized, 584 
specific forms of, 570 
Vaccinia virus, environmental loci, 398 
invBSibility, pathogenicity, 
antigenic powers, 454 
Vagina, resistance to chemicals, 259 
Values, personal, origin of, 632 
social, development of, 674 

training m acceptance of, 674 
training in, 662 

Vanillisme acquired from grasses and 
vegetation, 440 
Varicella See Chickenpox. 

Vancella virus, environmental loci, 399 
invaaibility, pathogemcitj', 
antigenic powers, 454 
Variola. See Smallpox. 

virus, environmental loci, 399 
mvasibility, pathogenicity, 
antigenic powers, 454 
Varnish, effect on skin, 277 
skin irritants in, 2^ 

See also Amyl acetate. Benzene, 
Naphthol, Tetrachlorracthane, 
Methanol, Turpentine. 

Vascular system, effects of climate on, 
353 

Vegetable dusts, 182 

effect on lungs, 187 
sources of, 187 

Vegetables contamination by food 
handlers, 530 

individual care in handling, 569 
organisms carried by, 443 
precautions in use of, 531 
presservation of. care in, 530 


Vegetation, sanitary control of, 530 
V^etarianism, faults of, 130 
V^^totioji, organisms acquired from, 

Venereal disease prophylaxis, 565. See 
also Gonococcal infection, Syphilis. 
Venom, 2S6 

action of, 293 
nature of, 293 

prevention of poisoning by, 300 
V'^erruca vulgans from animal sources, 
43S 

Virus, environmental loci, 399 
mvasibility, pathogenic- 
ity, 454 

Ver <lu Cayor. <See Cordylobia. 

, VeronaL See Barbiturates. 

I Verruga Beruana, sjmopsis of preven- 
I tion of, 611 
' Vespanse, poisonous, 289 
Uibno cholera?, mvasibility. pathogenic- 
ity, antigenic powers, 4^ 

Vincent'* angina, acquired from con- 
tact sources, 436 
from fomites, 437 
Synopsis of prevention of, 611 
Vioslerol, Hi 
Vipers, poisonous, 295 
Virtual indifference, principle of, 311 
Virulence, variability of, m bacteria, 
414 

Virulin, 478 

Viruses, animal hosts of, 416 
antigenic properties of, 476 
human pathogenic, 398 
mvasibility, pathogenicity, 453 
survival factors, 413 
Visceroptosis due to faulty posture, 312 
to non-postural stress, 314 
prevention of, 313 

Visible light, influence of, on man, 357 
"‘ave-lengths of, 355 
Vision defects, effect on posture, 310, 
319 

Visual purple and vitamin A, 102 

exhaustion by intense light, 
365 

Vitamin A, 99 

absorption of, 101 
functions of, 101 
growth and, 101 
heat resistance of, 101 
iq foods, 100 
ititernational unit of, 101 
nightblindness and, 102 
requirements, 101 
resistance to infection and, 
102 

Sherman’s unit of, lOI 
sterility and, 103 . 

BUbacute combined degenera- 
tion and, 103 
tooth hypoplasia and, 103 
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Vitamin A. urinary calculi and, 103 
13, conipo«ition of, 103 
complex, 103 
lactation and, 101 
I3„ 105 

akoliolic neuritis and, 100 
deficiency, effects of, 105 
food sources of, 104 
formula of, 105 
physiologic effects of, 105 
precursor of, 101 
stability of, 105 
Bj, 100 

biologic assay of, 106 
flavine nnd, lOG 
food sources of, 100 
formula of, IOC 
lactation and, 107 
pellagra and, 107 
physiologic activity of, l(W 
stability of, 106 
synthesis of, lOG 
unit, lOG 
B„ 107 

B, , 107 

food sources of, 107 
stability of, 107 

C, 107 

food sources of, lOS 
physiologic activity of, 103 
protective dose of, 108 
scurvy and, 108 
stability of, 107 
unit, 108 

D, 109 

roncentrAtes, 111 
dental canes and, 111 
ergosterol and, 100 
food sources, 109, 111 
formula, 109 
international unit, 109 
overdosage, effect of, 111 
parathyroid activity and, 110 
phosphorus absorption and, 
90 ' 

physiologic activity of, 110 
preparations of, 109 
rickets and deficiency of, 111 | 
serum calcium and, 87 
stability of, 109 
toxicity of, 111 
Dtof Windaus, 109 

E, 112 

deficiency in animats, 113 
food sources of, 112 
in tissues, 112 

F, 105 

G, lOG, 107 
Vitamins, 93 

classification of, 98 
definition of, 9S 
synthesis of, 99 

Vibno cfioicra?, environmental loci, 3! 


I Tturw chitlnrt, invnsibility, patho- 
I gcmcity, antigenic powers, 453 
I Vocalization as instinctive tendency, 
' 616 

^ V'olalilized drugs, 16S 


W 


Walnut wood, skin irritation from, 
233 

War eases, defense against, 16S 
Warble fly. &ee Ilypoderma. 

Wart removers, skin irritation from, 
2S3 

Wasps, poisons in sting of, 289 
Watch dial industry, radium poisoning 
in, 3Sl 
Water, 56 

amotint in body, 50 
bacterial examination of, 5G1 
contamination by food handlers, 
507 

from animal sources, 523 
from human sources, 514 
individual prccautionsagainst, 


prevention of, at source, 514 
from animal sources, 
524 

copper la, 212 
daily nitaVe, 57 

dnnkiag, organisms earned by, 442 
fluonne in, 212 
food content of, 67 
u) natural history of disease, CO 
mtoxieation, 59 
itch*mite. Sft Rbizoglyphus 
lead in, 210 
loss duo to heat, 338 
prevention of, 340 
physiologic requirements of, 5G 
purification, 49S 

by coagulation. 502 
by chlorination, 504 
by copper sulphate, 60o 
by filtration, 502 
by ozone, 601 

by potassium permanganate, 
501, 587 

by sedimentation, 502 
by silver.. 501 
emerpeacy, 60G 
radiant, dangers of, 3S2 
letcntion due to low barometric 
pressure, 325 
standard of punty of, 501 
starvation, 58 
supply of institutions, 506 

maintenance of, 110 
sources of seeaodsry con- 
tamination, SOG 
vapor in air, 341 
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Water, washing, organisms carried by, 
4-40 

with meals, 59, 130 
Weather, 349 

psychic effects of, 354 
Weil's disease. See Spirochetosis ic- 
terohsmorrhagica. 

Wells, pollution of, 499 
sanitary control of, 500 
Wheat, skin irritation from, 284 
Whip-worm. See Tncbocephalus 
White gold, skin irntafion froni, 282 
Whooping cough, synopsis of preven- 
tion of, 611 

Wild animals as sources of infection, 
543 

quarantine regulation of, 539 
cherry bark, poisoning from, 232 
game control, 543 
Wind, effects of, 347 
Winds of the world, 345, 346 
Wohl/ahrita magntfiea, enviroomentnl 
loci, 410 

invasibihty, pathogenicity, 
471 

ngtl, environmental loci, 410 
iRvasibility, pathogenicity, 
471 

Wood alcohol, effect on skin, 2?7 
inhalation of vapors, 152 
poisoning, 250 
ekm irritation from, 2S3 
Woodyatt’s formula for total glucose, 
70 

Wool, skin irritation from, 284 
Work ouWut and climate, 352 
Worry, effect of, on appetite, 640 
Wound Infection, propnylaius of, 572 
synopsis of prevention of, 612 
Wveherena 6ancroyii, environmental 
loci, 406 

invasibility, pathogenicity, 
469 

X 

Xakthoiiatosis, fat metabolism in, 79 
Xeroderma pigmentosa, photosensi- 
tivity m, 367 


Xerophthalmia, vitamin A and, 101 
' X-rays, nature of, 359 
penetrability of, 359 
i prevention of injury by, 371 
wave lengths, 355 
Xylene, effect on skin, 277 
Xylol. See Xylene. 


Y 


Yaws, acquired from fomites, 437 
from insects, 441 
contact sources of, 436 
synopsis of prevention of, 612 
Yellow fever, acquired from insects, 441 
immune eerum in, 582 
serum-virus mixture in, 584 
synopsis of prevention of, 612 
vaccine, 5S2 

virus, environmental loci, 399 
inv'ssibihty, pathogenic- 
antigenic powers, 

oxidation enzyme and vitamin 6g, 
106 

Young’s formula for medicinal dosage, 
219 

Ypente. See Mustard gas. 


Z 


Zisc, effect on skin, 277 

fumes, poisoning from, 162 
sources of, 162 

toxic effects of, 162. See also 
Brass. 

ingested, effect of, 213 
sulphate in prevention of polio- 
myelitis, 603 

I Zootoxins, 287. See also Venoms. 
ZyUon-B, 547 



